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Preface 

This  paper  results  from  ny  efforts  to  understand  the  proper 
applicatloi  of  SPR  (sequential  probability  ratio)  tests,  particularly- 
as  they  HVlP  mean  tine  between  failtire  tests  of  checlcout  and  similar 
equipment.  >ty  desire  for  sueh  tnderstanding  grew  from  two  beliefs.  One, 
that  a  valid,  physical  test  of  an  item  is  still  one  of  the  strongest 
tools  we  possess.  Second,  that  I  should  be  famllar  enough  with  a  tool 
as  strong  as  the  SPR  test  to  be  able  to  tell  a  project  engineer  what 
the  aoounilated  test  hours  buy. 

Hieh  of  what  I  have  learned  on  SFR  tests  is  sunnarlsed  in  tables 
and  appendices  in  the  hope  that  they  will  be  useful  in  practice.  The 
Table  I  sunnary  of  changes  expected  in  an  SFR  test  as  the  test  para¬ 
meters  change  could  prove  ocnveniant.  Ihe  flow  chart  of  Appendix  J  gives 
a  suggested  brute-force  procedure  for  selecting  a  reasonable  sm  test 
and  attenpts  to  relate  various  sections  of  this  paper  to  the  procedure. 

I  especially  wish  to  thank  Professor  H.  Kepler  for  his  advice 
and  encouragement  during  this  reoent  time  of  trial.  He  diligently  tried 
to  prevent  ay  striding  off  madly  in  all  directions.  1  can  only  hope 
that  1  helped  him  succeed  in  that  effort. 

wife  also  deserves  a  big  share  of  any  credit  that  this  paper 
nay  create  though  none  of  the  blame  that  oversights  may  generate.  Her 
tolsrenoe  of  ny  recent  disposition  and  work  habits,  and  her  help  in  pre¬ 
paring  this  paper  have  been  contributions. 

Ben  N.  Theall 
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Ll«t  8wbo3a 

o6  Prodiiear'8  rlak,  P(T|p«  I  error),  P(R8j«et  Hq^  taro*). 

^  CmmMr's  risk,  P(T3rpe  II  error),  P(Aoo«pt  Hq^i  traa). 

A  Gdo  of  the  daolelon  boondarlM  In  SFR  to«t.  8m  Iq  2. 

B  Cm  other  deolalon  bauaderr  In  SFB  teet.  Sm  Bq  3* 

An  JBqwoted  nunber  of  feilnree  (Q^(r)  In  Btadbook  H108  (Bef  18)). 

B(t)  l)q;Moted  eelirter  eeltinc  tine  for  n  deolnlOB. 

^  The  mil  hjpotbeele  tbet  T  =  Ih  In  Udn  peper.  (m  effect 

T>Tb) 

Hi  Ibe  eltemete  bTpotheele  that  T  =  in  thin  peper.  (T  <  T^) 
k  Unorladnetldn  ratio  Tq^i  (nete,  reteroed  trm  teet  ratio  here) 

L(T)  Probability  that  the  let  idll  be  aooepted  gtem  T  tree. 

NTBP  Neen  tine  beteeen  failure,  T  in  thin  peper. 

n  laaber  of  itme  on  toot  or  the  ee^ple  olae. 

O.C.  Gperatixig  diaraeterietio.  L(T)  rereae  T  la  the  O.C.  carte. 

Prbbehllit/  that  x  Mill  cccur  gitm  j  ie  true, 
r  tadier  of  faUurea. 

B  BellaMllty  or  probability  of  no  fallnre  In  the  tine  ccnol dared. 

SFR  Seqaantlal  probabili^  ratio. 

t  Tine  of  operation,  niaelon,  teet,  etc. 

T  Mean  or  aterage  tine  betuem  faUorea. 

Tq  Minim  T  of  lot  if  Hn  in  true.  (lenwd  in  Bmdbook  BIOS, 
texned  Tj,  in  AOEiB  (Ref  13)). 

Ti  Mudm  T  of  lot  if  Hi  in  true.  (Texmd  fi  in  Hnwlboolr  H108, 
tezned  T2  in  ABB). 
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IdJt  of  SroboJj 

T]^/Tq  Tost  ratio,  (texsod  0]/0()  Ia  Hondbook  H108) . 

V(t)  Sum  of  toot  tljM  on  oil  o<i«d^aianto. 

V(T)  lipootod  tun  of  tost  tijso  on  oil  Itoas  if  T  la  truo 

V(T)Ao  Atpootod  sun  of  tost  tins  on  oil  itoos  if  T  is  truo 
Kqvossod  in  noltiplos  of  Tq* 
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Abitrfcot 


This  papar  briefly  dieousees  the  need  for  reliebillty  test  of 
■Isalan  mqpport  eeroepeoe  ground  equipmant  (MBS)  suoh  es  eheokout  eqojp- 
maot.  Xbe  dleeuealona  ere  elMd  prlMrily  et  the  aecpientlel  probeblllty 
retio  (SFR)  teet  for  neen  tine  between  failure  (temed  T  in  thin  p^per) 
detenadnatlon  when  the  distribution  of  failures  can  be  assised  oaponen- 
tlal*  Other  dlatrlbutlana  are  only  amtloned.  No  speolflo  eheokout 
eqnlpaaant  Is  oonsldered* 

Aonary  tables  and  oharte  are  ineludad  in  several  aureae  In  the 
bops  that  they  will  prove  useful  In  praetlee  for  aelsetlng  an  aeeeptahle 
SFR  test.  The  following  s\tbjeots  are  dlsoussedi  oonslderatlons  in  setting 
aooegptable  test  risks,  oonditions  under  whieh  SFR  tests  are  appropriate, 
the  theory  of  SFR  tests  end  the  resulting  relatloaaships  used  In  SFR  tests 
of  T,  and  the  eig>eoted  (jualltaUve  variations  In  an  SFR  test  whan  differ¬ 
ent  test  paraaasters  are  varied.  It  is  pointed  out  that  the  ojqpected  fail- 
ure  nunber  (AFM)  oharaoteristie  yields  Inoentlve  for  the  oontrewtor  to 
stttaalt  eqnlpnant  with  T  well  above  the  two  values  of  T,  ^  and  I^,  fleeted 
as  the  deolsion  llJd.t  paraneters  of  the  test,  is  the  true  T  Increases 
above  those  test-establishing  paraneters,  the  ilN  and  the  eaqpeeted  wait¬ 
ing  tins  deorease. 

It  Is  oonoluded  that  Handbook  H106,  Si 

|a^  XK  ZSS^  (Bwed  on  the  toonantial 

refleoU  nioh  of  ^stein's  work  on  SFR  tests  mi,  as  suoh. 
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Is  an  excellent  reference  for  practical  use.  Data  from  that  handbook 
are  manipulated  to  indicate  that  for  specific  assumptions,  a  sisple 
exponential  relationship  nay  be  established  between  the  ejqpected  test 
tine  and  the  ratio  of  the  two  test  establishing  parameters  T^.  and  Tq* 
It  la  indicated  that  such  a  relationship  couU  be  used  in  conjunction 
with  cost  considerations  to  lead  to  a  sixple  method  for  selecting  the 
T^/Tq  ratio  yielding  lowest  cost.  The  derelofMent  of  such  a  method  is 
not  oonpleted  in  this  paper.  A  flow  chart  suggesting  one  iterative 
procedure  for  selecting  an  ^)proprlate  SPR  test  for  a  particular  prob¬ 
lem  closes  the  p^r. 


SBIOSNIXAL  RBIABIIJTX  OSTS 
iPPUID  TO  CHBCXODT  BQDIFISMT 

I.  Introduction 

fh*  ijqportaiiM  of  tlie  probobUd.^  that  an  Itaa  ulll  woric  Mlm 
It  la  naadad  dapanda  on  Mhat  tha  itan  la  and  uhara  It  la  baing  uaad* 

Ih  ailitaxj  aqaifMat  naad  la  oonbat  that  probability  or  raHablllty 
la  vary  Ij^torbant*  Uaually^  tha  probability  of  aoooaaa  ahonild  ba  high 
to  aara  both  liraa  and  doUara,  but  ahathar  tha  probability  la  bi^ 
or,  duo  to  or  financial  eonatralata,  la  loir«  tha  aotlflty 

radponalMa  for  oparatlonal  planning  abonld  taioir  liiat  aoaa  naaanra  of 
that  rollabdllity  la*  Prepar  oparatlonal  uaa  of  otm  law  raliabiUty 
Itana  oan  land  to  aeooptabla  probability  of  aocoiyllahlng  a  partieolar 
alatlon.  tnowladgo  of  tha  trua  Itan  raliabiUty  balps  in  daralaping 
tha  propar  oparatlonal  uaa  prooadaraa* 

iaroqpaoa  (hromd  Irpilp—it  (dOg)  audi  aa  aqiiij—it  uaad  to  diaok- 
out  an  alxaraft  or  aiaoila  bafora  a  aiaaion  on  oortalnly  onrt  a 
otrong  Inflnnoa  on  tha  probability  of  aiaolnn  auoooaa*  BMroforo« 
aoM  ■aaauro  of  tha  iOl  raliabiUty  aboald  ba  toon  to  allow  for 
propor  oparatlonal  uaa  nd  planning*  Tha  not  oonionTy  uaad  aaoaura 
of  roliabiUty  la  tba  Itn'a  NOP  (nn-tin-botuan^iUluro) ,  tnaad 
T  la  thia  papar*  Qm  my  to  noauro  tho  T  or  to  aaoura  tbat  It  la 
abova  aon  ipadflad  ualua  la  to  uaa  n  an  (aoqnntial  probabUity 
ratio)  taat  to  toot  tha  hypothaola  that  tha  T  of  n  Itn  la  at  laaat 

1. 
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the  4>eolfled  nundser.  ie  dleoueeed  la  the  eeotlone  foUoHingf  the  SRI 
teet  ie  uaoeUy  the  futeat  end  the  leeet  expenelfe  teat  tot  e  pertlo- 
uler  rlak  larel.  Ihla  then  leeda  to  the  pnxpoae  of  thla  p^per* 


tassas, 

Ihe  purpoae  of  thla  pH>er  la  ea  foUovat 

1.  Locate  or  derelop  the  baeksrooul  Infoimtion  needed 
to  nrite  atep-hj-atep  prooedurea  to  be  followed  aa  a  guide  1a  aeleot- 
Ing  a  raeaenahle  SFS  teat  of  T  (MXBP)  of  eheokent  or  other  eurtj— it. 

2.  rind  and  Hat  what  ahould  be  eonalderad  In  aeleotlnf 
the  rlaka  Inrolved  In  an  SFt  teat. 

3.  Obtain  Infomatlon  on  SFB  teata  auffielant  to  allow 
aaplalnlng  to  eqplpnant  project  aoflneere  ahat  the  teata  oan  do  for 
their  equliBMttt. 

k»  Detexwlne  the  effeota  of  rarTlng  the  dlffaxwnt 
paraaatera  of  an  SFR  teat. 


2stt& 

Ihla  p^per  ahall  oorwr  the  following  general  areeat 

1.  srs  teata  for  I  idian  the  eipiljawnt  failure  dLatri- 
butlon  la  eiqpaneiitlal  or  gomned  bj  a  oonatant  hasard  rate.  Other 
teata  and  dlatributiona  are  —otioned  but  are  not  oonrared. 

2.  Xba  gwaeral  altoaticn  aaanwed  la  that  In  ataioh  a 
reliability  anglaaer  or  projeot  anginear  ia  requeated  to  fonaalate 
the  reliability  teat  prorLaiona  for  a  apeolfio  tgfpe  of  oheokont 
aqalfMnt  or  other  aipilj— it  baing  procured  by  aaparate  eontraot,  not 

2. 
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•8  part  of  a  ayataa  oontraot.  ia  altaxnatlTo  to  thla  la  that  tha 
cnglnaar  is  roqoMtod  to  ana3jmo  nd  oooMnt  on  a  oontraotor- 
prtq^oaod  taat  plan  for  roll, ability  daaonatratlon. 

3*  To  arold  adavularataadlagf  It  shoold  ba  aada  olaar 
that  no  dataila  of  any  particular  etaaekout  aqpipMnt  hara  baan 
Inoludadt  ▲  plaoa  of  ehaokout  aquifMnt  uaad  in  a  orltloal  i^lioation 
waa  kqpt  in  niad  to  dlraet  tha  Infonaatlon  and  paroeaduraa  daralopad. 
S«a»  oharaotarlatiea  of  ohaokout  aqpifMnt  that  ba  ocnaidarad 

In  rallabiUty  taata  ara  ecnaidarad  in  *rp— H. 

limtatlana 

Loogaflty  or  Moar-out  taata  ara  not  oonflldarad*  Sm  taat  period 
la  aaamaad  to  r— In  in  tha  oonatant  haaard  rata  or  flat  portion  of 
tha  traditional  bathtub  eurra. 

lha  Tory  important  araa  of  onrlrooaMntal  taatlng  la  not  oorerod 
with  tha  axooptlon  of  tha  Hat  of  ronindara  In  *rr— H.  Tha  aeoal— 
orating  affoct  of  atringont  anrlronnanta  on  rallabiUty  taata  ^ould 
ba  a  boon  to  rallabill^  aotlrltioa  abmi  data  glring  oorralatlan 
faotora  baoonaa  arallablay  but  no  inforaatlon  on  auoh  faotora  waa 
found  for  thla  pq)ar. 

Aaataptinna 

Tha  f  oUoNlng  aubparagrapha  1  throu^  ID  Hat  aaangptlona  that 
^iply  in  thla  p^ar  «id  to  tha  prooaduraa  doaorlbad  in  papart 
!•  Bia  haaard  rata  la  oonatant*  Carhart  ana  ona  of  taur 
indicating  that  tha  aaaagitlfln  la  Talld  for  anoh  daotronio  and 


3. 
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eltctro— chmieal  equlpnant,  that  tha  aaaunptlon  baara  qnaatioiliig 
aaOh  tlM  it  la  loada  (Raf  2tl20«125)* 

2«  Taatlng  la  tilth  raplaeaawnt  or  with  aarlj  rapair  of 
fallad  ItaM  and  ratam  to  taat.  Thla  la  tha  noraal  prooadora  la 
rallabiUtj  taatlag  tqr  8PR  taata  alnoa  tha  waiting  tlaa  la  aiqpaetad 
to  bo  ahortar  than  la  tha  nonraplaoawant  oaaa. 

3.  Raduolng  taat  aad  waltlxtg  tlaa  la  a  aajor  eoaaidaratloB. 
Llojfd  aad  Ilpow  Indloata  that  a  nonraplaoaaMat  toat  oan  not  ooat  aoro 
than  a  raplaeamatt  taat  althoni^  tha  r^laoaamt  taat  ahoold  raqulra 
laaa  taat  tlaa  (Baf  12t313)*  It  la  aaauaad  that  aay  ooat  dlffaraaoa 
will  ba  aoro  thm  offaat  by  tha  aarllar  daeialon  aad  aarllar  aqolp* 
ant  dollTary  rat  siting  trm  a  taat. 

U*  Sm  rallability  and  tha  alaalon  tlaa  hara  baaa  diraotad 
or  aatabliahad  or  oan  ba  aatlaatad  tgr  tha  aotlwity  raaponaibla  for 
tha  aqwlpMnt. 

5*  Iba  Itaaa  waking  tha  aaqpla  will  ba  roparaaantatlra 
of  tha  antlra  lot  aubaittad  for  aooaptaaoa.  If  tbara  ara  ^ppraoiabla 
tlaa  Inga  la  prodnotlxn  batwaan  Itaaa  or  if  thara  ara  <g"  or  pro- 
eaaa  ohangaa  fkoa  ana  aipi1|aait  to  anothar,  thia  aaaaaptlen  ahoold  bo 
kapt  la  alnd. 

6.  Gontraot  ^oaatitlaa  will  ba  wo  aaall  that  prodnotian 
aanpllng  taohnignaa  will  ba  diffloolt  or  l^powaibla  to  applj.  Tha 
noiMr  of  Itaaa  ayalUMa  for  taat  ara  Ualtad,  aad  an  aooapt  or 
rajoot  daolalon  anat  ba  aado  baaad  on  tha  data  and  tha  tlaa  afoilahla. 

U* 
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7*  UmaUy  the  niadber  of  Itama  that  oan  be  iMde  antUable 
for  reliability  teatiag  le  limited  -  every  one  available  will  be  uaed* 
If  the  aaaple  alae>  oan  be  varied,  then  that  variability  should  be 
added  to  the  flow  ohart  of  Appendix  J  In  the  search  for  a  satisfactory 
test  plan* 

8*  Adequate  test  procedures  and  facilities  have  been 
developed,  are  available,  and  will  be  used  during;  reliability  testing. 
▲  test  to  demonstrate  reliability  must  have  a  rational  relationship 
to  the  expected  use  of  the  item.  Ihls  is  a  very  iiportant  assunption 
and  deserves  attention  in  writing  the  reliability  test  provisions*  A 
generator  may  have  a  very  long  time-between-failure  characteristic 
when  it  is  tested  as  a  doorstop* 

9*  One  of  the  major  tasks  of  reliability  personnel  is  to 
sell  project  engineers  on  the  value  of  reliability  tests*  Directives 
and  laws,  as  in  prohibition,  civil  liberties,  and  tbs  like,  may  force 
the  motions  of  reliability  principles  and  practices  being  ^iplled* 

%t  that  ^plication  will  not  be  fully  effeotlve  mtll  tiis  person  who 
should  be  best  able  to  pinpoint  the  potential  trouble  areas,  the  pro* 
Ject  engineer,  is  sold  on  the  value  of  reliability  tests  to  his 
equipment* 

10*  It  is  further  assumed  that  the  reader  of  paper  has 
at  least  a  moderate  teowledge  of  reliability  praotioes,  is  interested 
in  using  SFR  test  to  save  test  time,  and  desirea  to  have  Ixifonimtlon 
to  help  convince  project  oaogineers  that  SFR  tests  are  nmre  than  metic¬ 
ulous  mansurations  by  aandaolous  nagielans* 
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Coopleta  rellAbility  prograw  reqpir*  test  or  danonstretion  of 
e  quentltetlTe  aMatire  of  rellebillty  and  a  fomel  reliability  organ- 
Mith  adequate  prooedurea  and  praotioea  all  nonltored  by  the 
tw^er.  Ibla,  naturally,  bxdngs  vp  the  frustrating  question  of  hov 
aeall  should  the  organisation  be  for  a  large  contraotor  and  bow  largo 
it  be  for  a  anil  oontraotor?  The  answer  to  that  Is  well  beyond 
the  scope  of  this  paper. 

Regardless  of  the  else  of  the  reliability  organisation  in  the 
oontraetor'a  plant,  one  rule  is  walldj  a  requiraeient  without  a  ralld 
test  or  denonstratlon  is  not  a  requirenont  -  It  la  a  request.  The 
requir—nts  seotlon  of  a  speoifleatlon  or  eahlbit  nay  oall  for  grand 
reliability,  but  it  will  anan  little  if  the  test  section  does  not 
include  a  good  test  for  the  requirenant. 

The  contraotor  will  sensibly  deal  pi  and  produce  prijearlly  to 
peso  the  tests  that  control  whether  bis  product  is  aooepted  or  rejected. 
Ho  natter  what  the  prooess  and  practice  controls  are,  the  oroolal 
point  is  the  aooaptanoe  test.  Prooess  and  practice  controls  ahould  be 
used  as  substitutes  for  a  physical  test  of  the  iten  only  whw  a  suit- 
able  test  or  test  faoility  is  not  available  and  when  it  is  truly 
known  what  prooesses  and  praotioea  insure  the  iten  oharacteristic 
desired.  Certainly,  few  people  olais  to  know  exactly  what  prooesses 
and  praotioea  insure  reliable  egniront  in  noat  areas.  Siperisnoe  in 
bridge  building  and  structural  enginoering  has  ixidioated  tha  aafety 

6. 


faotora  that  raduee  the  probability  of  failuxeof  nany  stationary 
stnxctures  to  low  lerels,  but  such  lau>vladge  is  not  yet  available 
for  aeay  Air  Force  proourenants  Mhere  reliability  is  still  a  najrr 
ooneam.  Therefore^  tthanenrer  deslpi  and  process  controls  are  not 
adequate  to  Insure  the  reliability  needed,  a  reliability  test  isust 
be  conducted. 

Bedu^|n£  Test  Coats.  If  two  different  test  plans  give  the  sssie 
protection  against  errors  of  Judgenant  or  against  wrong  decisions  it 
is  an  engineer's  responsibility  to  choose  the  less-expensive  test  if 
all  other  oonsideratians  are  equal.  This  leads  to  SFR  testa.  As  de- 
soribed  later,  SFR  tests  usually  save  tine  over  conventional  tests. 

3PR  Test  Hiatory 

Hhld  devised  sequential  analysis  in  March  and  April  19li3  to  nset 
the  need  for  aethods  of  (Gaining  reliable  conclusions  fron  United 
data.  The  method  was  for  appUcatlcn  to  problasie  of  analysing  coidbat 
experience,  niUtary  operations,  and  developannt  problens.  At  that 
tins  the  nethod  was  classified  due  to  its  high  value.  The  classlfiea- 
tlon  was  dropped  in  19ti5  (Ref  li»:l).  Since  that  tine  much  effort  and 
Uteratnre  has  been  devoted  to  sequential  tests,  or  SFR  tests  as  they 
are  oosaaonly  referred  to.  Notable  In  the  efforts  on  SFR  tests,  partic¬ 
ularly  for  life  testing  under  the  exponential  or  Poisson  case,  has 
been  the  work  of  Professor  B.  ^stein.  Sequential  tests  are  a  natural 
developoiBnt  starting  with  single  sasyling  plans,  to  double  — 
plans  such  as  those  of  Dodge  and  Rosdg,  to  mltiple  — plans, 
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and  than  to  8FR  plana  allowing  for  aonathlng  iqpproaohlng  a  oontimoaa 
probability  of  a  doolaion  to  aooapt  or  rojaot. 


Hrthod 

lha  following  ganaral  iqjproaoh  la  uaad  In  ttaia  popart  what  eonaid- 
aratlflna  inflnanoa  tha  rlaka«  whan  ara  8FR  taata  H>propaflata»  what  la 
tha  baalo  thaoiy  of  SR  taata  of  aaponontlal  dlatrlbatlona,  what  doaa 
analyala  ahow  tha  taat  paranatar  Intaraotlona  to  ba*  and  what  la  a 
raaaonabla  prooadora  to  follow  In  aalaotlng  an  SPSt  taat? 
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II.  S—Dling  mi  ttlJlci 

Ibe  paroMw  of  prlnry  intorost  are  thoae  lanrolrKl  in  draHing 
inf erenoM  about  the  true  oharaoter  of  a  popolntlon  whan  only  Halted 
data  are  awaiTahla.  Oua  particular  aort  of  diatrlbutlen  of  failores 
in  anaunadf  but  tba  proM—  and  rinka  inrolrad  are  niailnr  in  all 
attaqpta  for  au^  inforenoaa.  In  reliabdlitj  taating  It  in  uanally, 
aa  hora«  aBauaad  that  the  dlntribatlon  of  faiJnrea  obogra  an  aaponantinl 
laa  or,  moro  apaeifically,  faaa  a  oonatant  haaard  rate.  If  trua^  tha 
dlntribatlon  in  guwraad  bgr  on3j  cna  pamntar«  T. 

In  aetting  tbe  — rinka  and  tha  — gr**^^  of  tha  ralatad 
pasEanatara  to  ba  eatinatad,  tha  baalo  ocnaideraticna  are  aiadlar  for 
mj  teat  pin  for  taating  bgrpotbaaaa.  Tha  aapBltndea  auat,  in  gvaral, 
ba  aet  by  tha  mglnaarlng  or  tha  operational  prbUnn  inrolrad.  Tha 
rinka  anat  ho  aat  by  atady  or  Jndgonant  of  tha  penal  tlaa  to  be  inenrred 
if  errora  of  dadnion  are  aada.  Setting  tha  Taloao  of  tha  bypot haaln 
to  bo  tooted  and  aelaoting  tha  aoooptable  rink  lavain  oonoeni  ralinbil^ 
ity  and  projMt  sglnaara,  abathar  in  preparing  a  taot  pin  to  be 
inoladad  la  a  eontraet  er  in  analyalng  a  oontraetor  propeaed  teat  pin. 
Sow  of  the  baalo  oonaidaratlona  ^iproprlate  in  aaloetiag  aueh  teat- 
pin  diaraotarintloa  are  dinounaed  in  tha  next  few  ooetlona. 
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Ab  VlKld  polnta  out  the  perfect  teet  would  yield  an  operating 
oharaoteristlo  aiallBr  to  that  eho«  in  Figure  1  (Ref  1$>27}«  Zf  Tg 
ware  aoM  value  of  a  eharaoterletio  T  of  the  Iteae  to  be  tested,  the 
teat  would  reject  all  lota  with  T  leea  than  and  would  accept  all 
lots  with  T  greater  than  As  Mntloned  prerlousjjr,  T  Is  MIBF  here, 
but.  In  general,  T  oould  be  any  oharaoteristlo  such  as  tensile 
strength.  Iren  if  the  buyer  oould  establish  a  nuaber  for  Tq  rtry 
aoeurateiyr,  the  test  for  such  high  dieorlninatlon  would  require  100  % 
Inepeoticn  and  oren  that  nuah  effort  would  probably  not  yield  an 
ability  to  dlsorladnate  between  good  and  bad  lota  as  sharp  as  that 
ahow  in  the  figure.  Hunan  errors  alone  wonld  fores  the  Tertloal 
to  seawi  finite  elope  (Ref  17t3). 

In  specifying  a  partloular  oharaeterlstlo  there  will  usually  be 
senes  of  praferenoe  and  degrees  of  preference  to  accept  or  rejeot 
Itens  of  varlons  T  valuea.  In  figure  1  the  buyer  would  prefer  to  aocept 
all  lota  to  the  right  of  Tq  and  to  rejeot  all  lota  to  the  left, 
figure  2  indloates  that  the  praferenoe  to  reject  or  aocept  would  in- 
orease  as  the  aotual  T  (T  true)  deviation  trm  Tq  inereasee.  Ferhipa 
T  sillily  below  planned  (Tg)  would  not  reduce  systen  effeotlveneos 
■loh.  Ihe  praferenoe  to  rejeot  would  be  low.  If  T  were  anoh  lower 
than  Tq  the  lot  night  be  worthless  or  detrlanntal  to  the  buyer  and  the 
praferenoe  for  rejeotlon  would  be  very  strong.  On  sane  sort  of  reason¬ 
ing  would  apply  to  the  high  T  side  with  strong  praferenoe  for  aooeptnoe 


Ti  Tq  T  true 

Plg.2 

Reject  and  Accept  Preferences 
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on  Itona  apprselibly  b«tt«r  than  Tc*  Probably  neltbar  praferonoa  Una 
Noald  ba  Unaar  and  thara  wottld  ba  no  neeaaalty  that  thay  ba  tha  atam 
ahapa,  but  tha  txanda  ahould  ba  as  Indloatad. 

Satt^Qf  ^  alovtah  aiallar  to  flgura  2  adfht  halp  tha 

buyar  In  astabUahlng  tha  M.  and  ^  rlaka.  Fbr  sons  paxtioolar 
balow  Tq  a  prafaranoa  to  rajaet  eould  ba  sat.  This  eoald  ba  tha  rasult 
of  SOM  sort  of  trada-off  or  aoonoalo  study,  but  as  H10$,  Adhdnlstra- 
tlon  of  SsMlins  Prooaduras  for  Accaptanoo  Inspaotlon.  points  out, 
dollar  Taluos  ara  oftan  dlffloult  to  sat  for  soeh  prafaranoa  points 
(Ksf  17 t 9)*  Iha  prafaranoa  to  rajaot  at  a  spoolflc  sill  prlnarily 
ba  basad  on  tha  JndgsMnt  of  tha  buyar  ooncaming  tha  isportanea  of 
tha  Itant  and  tha  amount  of  troubla  to  ba  a:qpaotad  If  lots  aooqptad 
ara  as  bad  as  T^.  At  som  point  Tq  a  profaranos  to  accept  can  ba 
astlaatad,  primarily  on  Judgament  again. 

Iha  two  prafaranca  points  can  ba  oonrartad  to  a  fora  of  an  O.C. 
aui'ra  as  skatcbad  in  Flgura  3*  At  point  T],  the  prafaranca  to  rajaot  oan 
ba  oallod  1-/S  whara  is  tbs  probability  that  lots  with  T  actually 
aqual  to  Ti  will  ba  aooaptad.  1-^  will  bo  tha  probability  that  such 
a  lot  will  ba  rajaotad.  Oils  ooold  ba  oonsldarad  a  fona  of  oonfldanoa 
■tetammit  in  that  tha  buyar  would  ba  sura  that  no  more  than  100  {/S)  % 
of  all  the  lots  aooaptad  would  hava  a  T  aotually  lass  it  Iq 

tha  prafaranoa  to  aooapt  oan  ba  oallod  1-  e(  ,  the  pzababillty  that  a 
lot  with  T  aqual  to  Tq  will  ba  aooaptad.  Tha  contractor  will  hava 
foita  SOM  intarast  in  this  point  sinoa  ot  is  tha  probability  that 
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that  tha  atat  lot  vUl  ba  rajaotad.  If  tha  taat  vara  to  aaaora  aooapt- 
ing  lota  with  low  oharaotarlatlo«  for  axnpla  If  tha  abaolaaa  rapraaantad 
ftaotloa  dafaotlTo  or  probability  of  failing  befora  aoM  apaolfle  tiJM« 
tha  alopa  of  tha  O.C*  eurra  would  ba  ravaraad. 

Qolng  to  a  hlghar  Tj/Xq  ratio  or  to  a  lowar  /3  rlak  liffroToa  tha 
dlaorlwlnatlon  of  tha  taat.  That  la  It  jj^proraa  tha  taat 'a  ability  to 
aaparata  good  fron  bod  lota.  It  aaaaa  that  tha  aaaa  ^  rlak  ahould 
not  ivply  to  all  aorta  of  aquipwant  -  aona  ara  more  oritloal  than 
othara.  Howrrar,  If  It  la  daalrad  to  ratain  tha  noxmlly  aeoaptad  0.1 
for  /5  for  aqolpRMnta  of  dlffarant  criticality,  tha  O.C.  eunraa  oan 
ba  oaad  to  rapraamt  aany  T^#  pointa  aa  »am  aqnlomlmt  T],,  /3 
a^ial  0.1  point.  tha  low  T  oalua  that  ia  to  ba  aooaptad  only  /S 
portion  of  tha  tljaa,  oan  ba  ohangad  In  conblnatlcn  aa  dlaooaaad 

balow. 

Eafarrlng  to  Figara  U,  aay  aooa  partloular  ocadblnatlon  of  ^  and 
/S  la  being  oonaldarad,  and  it  haa  baan  found  that  tha  aapaotad  taat 
tiaa  or  ooata  are  too  high*  Iha  oorra  O.C.l.  daaorlbaa  tha  aooaptanoa 
probobiUtiaa  aaaooiatad  with  tha  taat.  Daoraaaixig  tha  alopa  of  tha 
O.C.  ourro  fkon  O.C.l  to  O.Gji  will  daoraaaa  tha  oxpaetad  taat  tijaa. 
ia  ahoMu,  If  a  rlak  of  aooapting  ltaa»  aa  high  aa  /jft  om  ba  tol- 
aratad,  ^  and  tha  naw  doaoriba  tha  two  lower  pointa  for  tha  now 
taat  doaorlbad  by  O.C.a.  Howwvor,  that  aaaa  O.C.n  taat  oan  Juat  aa 
wall  bo  daaorlbad  by  tha  origiaal  and  a  now  lowar  road  fxon 
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fron  th0  O.C.n  curvv.  Itoaful  O.C.  ourras  oan  ba  found  Ia  Handbook 
PToeaduraa  and  Idblaa  for  Ufa  aad  gjljAaJlfeZ  iMyflg 
op  the  aoponantinl  Dl«trlbatico) «  (Raf  I8t2»13-2*l6). 

BaU  at  0^*  If  an  aat-jaate  can  ba  laada  of  the  loner 
the  buyer  oan  tolarata^  but  the  aasooiatad  ^  ia  other  than  the 
ooBBunly  uaad  Od,  an  equlTalant  at  acjual  to  0.1  oan  be  found 
froa  the  0*C.  cunraa  aa  desor5bed  abcnra*  The  nav  om  yield  a 
teat  aqulvalant  to  that  daaired.  Alaoj  If  it  la  desired  to  spoak  onijr 
of  a  high  nioiMred  T],  for  a  partleular  teat,  can  lie  att  hlch* 

<3awp1ing  Bjaka 

The  aprewd  of  fron  '  ^  and  the  aaaoelatod  and  aeoaptable 
rlaka  allow  aaa^Uag  plana  to  be  need*  If  the  popaletlon  T  la  aotoally 
only  /6  of  all  aueh  lota  will  be  aooaptad  on  the  avaorege.  If  the 
T  la  aotually  Tq  ,  ol  of  aooh  lots  will  be  rajeoted  on  the  aver¬ 
age.  khan  Ti  and  Tg  are  very  oloae  and  the  related  preferanoeo  for 
rajaetion  and  aooaptanoe  are  vary  ana  11  the  teat  anat  approaoh  the 
perfaot  O.C.  oorva.  Suoh  a  teat  woold  be  very  costly  unless  the  Itaav 
and  the  testa  were  veiy  sijqple.  If  testing  is  deatrootive  aooh  a 
ahax]>ly  diaorlninating  teat  would  allow  but  few  itans  delivered  -  noat 
of  than  would  ba  destroyed  in  testing,  therefore,  a  teat  plan  wust  be 
seleotad  that  la,  as  noat  things  on  this  earth,  soaw  ooi^noaiae  between 
the  desire  for  low  risk  of  error  and  the  ooata  of  getting  low  risk, 
dppandix  r  Usta  som  of  the  points  to  be  considered  in  ohooaing  or 
aooaptlng  the  •<  and  S  rlaka  for  a  particular  teat. 
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a«ltotlng  tb»  Sort  jt  tMt 

lbs  oonsldantiona  of  risk  dltoussad  abovo  apply  to  any  aort  of 
taat  lATolfliig  aaqpliiif  •  lhay  i^ply  to  aingla  aa^plfng  teats  suoh  aa 
those  dasoxlbed  ty  KZL-S1D-1jO$,  Prooedures  agd  Tablee  |W 

Jmeo^ljja  ^  Attributes,  and  to  the  life  tests  teradnated  at  a  pre> 
"“•Hgr***  tliM  or  at  a  preasslgied  misber  of  failures  suoh  as  those 
deaorlhed  In  the  first  seotions  of  HlOB  (Ref  16).  Tests  such  as  these 
are  tsmad  oonTontional  testa  In  this  paper.  9m  oonsideratiflBS  also 
^ly  to  8FR  tests  with  the  differanoe  that  oftan  the  SFB  test  viU 
fife  the  sane  risks  for  less  inspeeticn  or  tljM.  Figure  5  illustrates 
the  expected  reduotion  in  oalandar  saiting  tijw  for  a  deeision  uhen  an 
SFR  test  is  used  rather  than  a  oonfontional  preasslgied  tisM  test*  In 
general,  the  3FS  test  is  pceferahle* 

In  testing  only  for  oatastrophio  failures  that  are  xiot  self- 
rapairing  a  praassiyied  tlaa  test  oould  be  preferable  to  an  SFR  test* 

In  a  preassl^Md  tlM  test  the  nuaber  of  aeasuraBants  aade  durii^  the 
test  tliM  oould  be  redaoed  to  a  f  ev  or  eran  to  only  one  Mosurenant 
at  the  and  of  the  preassigued  tina*  If  each  nsasoraaMnt  to  be  aade  is 
ooif>lax  and  ex^ansiTe,  the  naasnrnawt  oosts  of  the  preasslgted  tliM 
test  ad^  be  redaoed  suffioiantly  to  offset  the  shorter  e^peoted 
salting  tins  of  an  SFR  test*  Maasuranants  daring  the  test  are  eandatniry 
in  SIR  tests* 

HosoTer,  in  itaoa  suoh  os  oheokovt  squiipawnt  an  error  that  is  to 
be  oomted  as  a  failnre  any  eoour  oftan  during  the  test  period  but  any 
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Note:  O.C.  eurre  for  each  plan  glras 
To  of  1500,  C3C  of  0.05 
Ti  of  300,  /S  of  0.10 
i^iproxlBatoly  Code  B-U  of  Handbook  H106, 

TiAo  of  0‘20$. 

Both  testa  below  are  with  replacenent. 


Fig.  5 


SFR  Test  Savings  In  Test  Tiae 


(tVoiu  Ref  l8t2«66) 
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not  ooour  at  aoM  praaaaiipad  taat  tlM*  Iharafor««  a  praaaai^Md  tlM 
teat  nagr  aiaa  MDjr  arrora  that  ooour  during  tha  taat  parlod*  Haaaura- 
■onta  during  tha  taat  parlod  anat  ba  nada  at  aona  fraquanoy  ralatad  to 
aapaetad  aarvloa  uaa  or  ouat  ba  nada  oontlnuoualy  if  praetloabla.  For 
auoh  Maanmanta  an  SFB  taat  will  glra  a  ahortar  axpaotad  wdtlng 
tlaa  and  MaauraMnt  ooat  than  an  aqulralant  atrangth  praaaalyiad  tlJM 
taat. 

If  tha  MaauraMnta  to  ba  nada  ara  aij^>la  and  Ina^qpanalTa,  any 
adrantaga  a  praaaalgiad  tlaa  taat  sight  hara  baoonaa  laaa.  dppandix  0 
llata  othar  oonaldarationa  in  aalaotlng  a  taat. 
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ni.  SFR  T— ta 


The  aaqiuntlal  probabilltj  ratio  taat  it  uauaUy  an  axoaUant 
■athod  of  obtaining  a  apaolfiad  aaKJont  of  Infomatlon  nith  a 
aiKunt  of  taatlng.  Iha  SFR  tkaad  la  partloularljr  i^iproprlata  nhan  the 
aapooantial  dlatxlbatian  oan  raaaonabljr  bo  aaaunad  ainoa  the  ona  pop¬ 
ulation  obaraotarlatloj  I,  aliapliflao  tha  taat. 

SFR 

Ippandlx  A  glraa  tha  prooadura  for  daraloping  tha  SFR  and  tha 
dacialon  erltarlon  to  bo  uaad.  Iha  Mtarlal  tbara  is  ainiiar  to  that 
found  in  the  Utaratura  tilth  »cm  olarifloatlona.  Appendix  B  lUuatrataa 
tha  doralognant  of  tha  A  and  B  (daolaion  bowdariaa  of  tha  baalo  SFR 
inaqoalltj)  and  p(  and  ^  ralationahlpa  in  the  dacialon  critarla* 
^pacific  SFR  taata  oan  ba  davalopad  for  an  infljiita  nunbar  of  oonblna- 
tlona  of  and  ^  riaka,  and  T^/Iq  taat  ratioa  if  daalrad*  Iboaa 
thraa  paraastara,  tha  two  riska  and  tha  taat  ratio,  ara  auffident  to 
OQ^ilotalor  daaorlba  a  taat.  Tha  noad  for  groat  detail  in  apaoil>lng 
the  paraaatora  to  hair  Una  diffaronoaa  from  oxiatlng  taat  plana  la 
quaatiotabla  unlaaa  largo  lota  of  contlnuoua  produotlon  ara  InTolvad. 
H108  (Baf  16)  giraa  any  taat  plana  for  a  uida  aolaotlon  of  oC  wd 
taat  ratioa.  m  those  pins  ^  is  usoaUjr  sat  at  0.1,  but  as 
sarllsr,  the  0.0.  ourras  on  bs  used  in  oonjnotlon  with  ohngas  In  T], 

^  Si'vw  *  WUo  mgs  of  ^  risks.  It  la  stronger  rsooBsandod  that  TP^ 
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plus  be  used  nhoieTar  poMlble  to  eijpllfy  the  oaleuletlena  needed 
and  alnoe  10D6  glTes  the  related  O.C.  ourrea. 

Una  aa  ^  Vasj^^^ 

SFR  teata  are  not  Halted  to  neon  tlae  toata  but  can  be  lulled 
to  wmty  teata  of  hypotheaea.  Sie  diatrlbutlona  need  not  be  exponential. 

UUd  and  the  Coltunhla  Statlatloal  Reaeareh  Group,  with  ahleh  he  vaa 
aaaoolated  at  the  tine,  give  the  prooedwrea  for  dereloping  SFR  teata 
for  aeveral  different  aorta  of  hTpotheaea  and  diatrlbutlona  (Ref  m  and  15). 
for  exaqple,  aa  SFR  teat  eould  be  uaed  in  a  teat  of  the  naan  polL-ln 
Toltage  of  relaya.  One  relay  et  a  tine  would  be  aeleeted  and  Inereaalng 
▼oltage  ^iplled  imtU  the  oonteota  eloaed.  The  Tarlable  would  be  pull» 
in  Toltage  and  would  lead  to  a  daolalon  about  Mean  Toltage  per  valt. 

The  unit  of  teat  would  be  one  relay.  Aa  the  loapeotor  began  applying 
Toltage  to  a  relay  In  the  aeq[aenoe  there  would  be  aoew  eapeeted  (nean 
or  average)  voltage  at  which  that  unit  would,  on  the  average,  poll  in. 

In  Boat  reliability  SFR  teata  the  variable  in  qoeation  la  not 
^Itage  or  length  lait  la  the  tine  to  fail.  The  variable  Maanred  la 
the  tine  to  fail  whioh  laada  to  a  daolalon  about  the  nen  tine  to  fail. 

The  unit  of  teat  can  be  oenaldered  one  failure,  not  one  eqnipawnt  or 
relay.  After  my  partioular  failure  there  la  aoM  e^eoted  teat  tine 
to  bo  aomaulated  before,  on  the  average,  the  next  failure  will  ooonr. 
Therefore,  SFR  teata  oan  be  uaed  to  danonatrate  nean  tine  to  fail  aa 
well  aa  average  treak^ioMn  voltage,  average  ourea  per  treat  wit,  and 
other  population  oharaoterlatloa. 
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NoCTftlAfd  D»clalcc  UtlatlcMhlp 

1  belov  ia  th*  baala  ot  this  dlaeuaBlon  and  of  moat  of  tha 
work  on  8FR  taata  of  a^cnantlal  dlatrlbotlona.  Tha  relationahip  la 
noxnaliaad  to  tha  high  tarsat  T*  It  oould  Juat  aa  well  have  bean 
DonwOlaad  to  T^,*  bat  alnoa  tha  oonaunar  oan  eartalnljr  hope  that  tha 
teat  will  ba  operating  in  tha  Tq  area,  tha  nonBallaatioa  uaad,  Mhieh 
la  that  noinMnljr  aaad«  aaana  reaaonabla.  The  background  thaorj  and 
tha  abaolnta  ralationahlpa  leading  to  1  oan  ba  found  in  ippandlx 


-  In  A  r  In  (TqAi)  V(t) 

(To/ti)  -  I**"  (Tj/Ti)  -  1  17 


< 


-  In  B  r  On  (Tq/Ti) 

(Tj/T^)  -  1  (Ib/Pi)  -  1 


(1) 


(Aooapt  Hi  aide) 
(Reject  Bq) 


whara 


A  = 


1 

oL 


(2) 


B 


/<g 

1  - 


(3) 


ct^Prodacar'a  rlok  s  P(Rejaot  true) 

/3  =  Cctmamr*9  rlak  s  P(Aooapt  Bo/^i  true) 

Tq-I  at  whleh  oC  of  oueh  lota  will  ba  rajaotad  ±  high  target  T. 

T  at  idiloh  /S  of  anoh  lota  will  ba  aooaptad  =  low  target  T. 
r  =  Aa  of  failuraa  obaarfwd  to  tha  tiaa  being  oonaldarad. 
?(t}sAa  of  teat  tlaa  on  all  itana  under  obaarvmtlon. 
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and 

Tj/Tq  =  Taat  ratio.  (Mota  Inraraion  in  Bq  1.) 
and  In  affaot 

Ho«  T^lo 

Hit  T^Ti  (Ti<To) 

Bq  1  la  oaananlj  wrlttan 

h.  r  a  T(t)  lu  r  a 

-i  +  —  < - <  ~  + - 

*0  *0  *0  *0 

Dacj£^g^  Crltarlcn.  If  tha  inaqoallty  of  Bq  1  la  Tiolatad  on 
tha  laft  alda  tha  kqnpothaala  that  tha  lot  T  la  aqoal  to  or  graatar 
than  la  rajaotad  (Hq  rajaotad)  and  Hi  la  aeeaptad.  If  tha  right 
alda  Inaquallty  la  rlolatad,  Hq  la  aooaptad.  If  nalthar  alda  la  Tlolntad, 
that  la  if  tha  nomaliaad  bidb  of  all  tha  aqulpnant  taat  tina  op  to  tha 
tljw  baing  oonaidarad  ataya  irLthln  tha  inaqnallty  aicna^  no  daolalan 
can  bo  nada  at  tha  rlak  lorala  tiaad.  Bio  taat  aoat  bo  oontlnuad.  Bofora 
tha  naxt  fallara,  7(t)  oenld  inoraaaa  anoni^  to  vlolata  tha  right 
alda  Inaqoalitj  «ul  tha  lot  ooold  ba  aooaptad,  but  a  failora  uould  ba 
raqolrad  bafora  a  rajaot  doolalon  ooold  ba  nada.  tM*  oan  ba  aaan  in 
tha  flgura  that  foUowa.  Aa  tiaa  aoounulataa  on  tha  taat  tha  total 
taat  tlM  In  laoltlplaa  of  1^  la  raooordad.  Baoh  ohargaabla  failura  la 
raoordad  and  a  daolalan  attaapt  nada  at  aadh  failura  and  aa  often 
batuaan  aa  doairod. 


(4) 

(5) 
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SSSlldiS  ftoeuailAtAd  tia»  and  the  aoowilntad 

falXoTM  oan  be  compared  to  tablea  dereloped  Aron  Kq  1  or  they  on  be 
plotted  graphioally.  Iqa  1  and  $  doaorlbe  tao  linear  and  parallel 
Unea  of  the  fom  y  s  ax  <4-  b.  Flfura  6  Indloatea  the  aort  of  declaian 
llnaa  to  bo  aiqieoted  baaed  on  thoae  eqoationa.  ANSP  7U-1  glTaa  a 
aiallar  plot  for  tha  iflRKI  taak  Qroop  3  teat  (Baf  I6i8).  ladi  line 
aill  have  alope  »/Tq  nhan  ?(t)/^  la  plotted  against  r.  The  aeoept  or 
high  interoept  on  tha  ozdlnate  (tljaa  axis)  will  be  )\)/Iq  and  the 
reject  interoept  h^/lQ«  Bfan>la  plota  of  two  teat  hlatorlea  are 
ahoiai*  After  eaoh  failaraf  inoreaaing  teat  tl»e  with  no  further  failure 
la  indioated  by  a  rertioal  line  eorreapcnding  to  the  added  tijae* 
a  failure  oooura^  the  event  plot  Jtaqpe  to  the  right  In  disorete  atapa 
deacrthtng  tha  aoowailated  r.  fhe  deelalon  Unea  are  not  plotted  in 
dlaerate  atapa.  A  deoiaifln  oan  be  nade  at  any  point  on  either  one  of 
the  dooiaion  Unea  whore  a  teat  hlatoiy  or  event  plot  happens  to  touch. 
AflRB  (Baf  13 1 89,136.137)  and  KIMl.26667  (Bef  19t38.39)  use  noxmllsed 
tables.  ILther  aethod  of  tables  or  plots  is  Batlsfaotory  sinoe  both 
represent  the  ana  deolaion  oriteria. 
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Hq  I  I  =  Tq  (m  affaet  T  >  Tq) 
Hi  I  T  =  (Ita  affeot  T  <  T^) 


Tit.  6 

IJrploal  SFR  TMt  Daolaion  Plot 
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IV.  Intwetlaa  gf  T—t  Par— »tT  Variatlopa 


Itiat  la  tbs  InflM— oa  on  the  t—t  d—orlbad  bgr  S)a  1  and  $  and 
Flfora  6  of  obangaa  In  tha  oc  and  ^  rlaka  and  In  tha  and  para- 
natara?  Ihara  obvloualj  la  not  ona  grand  fomda  that  will  aolva 
arary  proU—  that  nagr  ba  anoomtarad.  Prohablj  dartwatlTaa  of  1%  1 
ooold  ba  takan  with  raapaot  to  tha  rariona  paranatara  to  datamino 
ao—  aort  of  aanaltialtgr  of  tha  taat  to  aarlona  ehangaa*  aonLl 
baoo—  vary  difflault  to  handla  Hhan  tha  O.C.  oorva  oalonlationa  ara 
■ada.  Tha  para— trio  aqoatlo—  thla  dlfflealtgr 

tlonad  latar.  Tha  naact  aaotlo—  analjr—  tha  Influanoa  of  pai  a— t  ai 
ohangaa*  Tha  dlatrlbotlon  la  atUUL  aaao— d  oxoapt  ahara 

^paelfloallj  oonaldarad  aa  a— thar  fom.  For  tha  raador  not  partloa- 
larljr  Intaraatad  la  tha  datallad  analyala  of  ohaptar^  Chaptar 
VI  Inoladaa  a  mmmij  of  tha  raaolto  of  thla  ohaptar  In  ahat  la  hopad 
la  a  oonaanlant  tahla. 

of  8^  2/^  1^  IQd 

Tha  alopa  of  both  daolalon  Uaoo  la  b/Tq*  Itm  Eq^  1  mad  $ 


a  3a  (TqAi) 


(6) 
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Tharefore,  tha  alopa  of  tha  linaa  la  ixxdapendant  of  tha  , 

/3  riaks.  Calculating  b/Tq  for  a  faw  rapraaantatlva  taat  ration  TiAOi 
▼aluaa  laada  to  Figun  7*  Aa  tha  taat  ratio  ineraaaaa  tha  daelalcn 
Linaa  ara  rotatad  touard  the  aeoqpt  raglcn.  It  ahould  ba  noted  that 
tha  valuaa  obtained  agree  idth  Handbook  H108  tablaa  (Raf  l8t2«6U).  Aa 
the  taat  ratio  daoreaaaa  tha  alopa  baeonaa  laaa,  and  aa  (Kfiprondhaa 
aero  tha  alcpe  approaohaa  aero  aaanlng  tha  probability  of  rejecting 
any  lot  dacraaaaa. 

la  the  taat  ratio  Ineraaaaa,  tha  probability  of  acc^tlng  Hq 
dacraaaaa  for  any  particular  aaquenea  of  avanta  (E  in  tha  figure  for 
axanpla)  and  tha  taat  la  aora  atrlngant*  llao  aa  tha  taat  ratio  in- 
oraaaaa,  ^qproaohaa  To.  Taking  the  darlTatlra  of  both  top  and  bottom 
of  ^  6  uLth  raapact  to  Tq/Tx  to  obtain  an  aatljaata  of  tha  Uadt,  it 
la  noted  that  tha  limit  baooaiaa  T^Aq  or  aa  approachaa  Tq,  one  la 
tha  vppar  limit  on  tha  alopa.  Thia  ia  also  Terlflad  In  tha  HMtdbook 
H108  tablaa. 

Tha  prafvlaua  dlaouaalan  of  aampling  indioataa  that  aa  the  teat 
ratio  approaohaa  one,  tha  taat  ahould  ba  difficult  to  paaa.  Later  dia- 
cuaalan  in  thia  paper  will  ahow  thla  to  ba  true,  m  general,  aa  the 
taat  ratio  Ineraaaaa,  tha  daoiaion  line  alopa  ineraaaaa  and,  if 
ohangaa  in  the  h  intwoapta  (aaa  Figure  6)  do  not  offaat  tha  alopa 
changaa,  tha  taat  will  taka  longer  and  ba  mora  difficult  to  paaa. 
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V*0 

1.0 


•Ao 

0.25 

0.1|62 

003 

0.5J»9 

0.50 

0.693 

0.67 

O.BU 

1.0 

1.0  (thaocvtloal) 

Wf.  7 

b/Tq  TarlAtloB  vitb  T^Aq 
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Vrtotico  St  laUroiDta  hA/t^  tad  hi  An  with  9^2o 

Tha  aoeipt  Hq  latarotpt  on  the  V(t)Ao  ^  ^oAo* 

lha  rajaot  jAtaroapt  la  hiAo*  funetlona  of  all  four  taat 


paranatara.  Bqii  7  and  8  ara  darirad  iToa  Bqa  1«  2,  3,  and  5* 


-  In 


oC 


.  In 


(TbAi) 


(7),  hoA6  = 


1  -  oC 


(ToAi)  - 1 


(8) 


A  good  faatora  of  tha  noanaallaad  daolalon  ralatlcnahlp  la  tha 
naa  of  tha  aana  h  Intaroapt  aaloaa  for  lany  abaolata  aalnaa  of  ^  and 
Tq.  Hhathar  tha  aaloea  ba  30  and  60  or  750  and  l500  tha  aaaa  nozaallsad 
intaroapt  i^llaa*  Aaaoaing  6LvA  /S  oonatant,  at  low  taat  ratio 
Tj/Iq  tha  danowinator  of  tha  Bqa  7  and  8  la  larga  and  both  h  intarcapta 
ara  wall.  Ihla  la  oartainly  raaaonabla.  Aa  tha  eontinna-taat  iddth 
nazrowa  a  daolaicn  ia  aapaetad  aoonar.  Ihla  la  indLoatlaa  of  a  taat 
with  low  dlaorlwinatloo  aa  will  ba  dlaouaaad  latar.  A  low  taat  ratio 
indloataa  Ti  auoh  laaa  than  Ib  whloh  la  dlatant  fTow  the  naarly  parfaot 
O.C,  OQzra  oaaa  dlaooaaad  aarllar. 


Yarlatlona  ^f  Ihtaroapta  wd  d,  mA  B 

Iha  taat  ratio  la  aaaowd  oonatant  in  thla  aaotlon.  The  rajaot 
intaroapt  (Bq  7)  la  a  ftnotlon  of  A  or  (l-^)/#^.  Aaod  «  tha  prodooar'a 
rlak,  daoraaaaa,  A  Ineraaaaaf  InA  inoraaaaa  ia  Mgnltnda  alnoa  A  ia 
graatar  than  ona*  and  tha  rajaot  Una  baoowaa  aora  nagatlaa  or  tha 
oontima-taat  raglon  la  wldinad  on  tha  rajaot  aida.  thjff  aaaaw  — 
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■lAoa  od  la  tha  probabilltj  of  rojoetlng  aoo^ptabla  or  good  lt«M» 
ia  /3  daoraaaoa,  InA  again  laoroaaaa  and  tha  rajaot  Una  la 
loaerad  and  tha  no-daolaloc  lona  Inoraaaad. 


For  tha  aeoaptanoa  Intaroapt  (Iq  8),  aa  0^  daoraaaaa,  /^/(l  -oL) 
(or  B)  daoraaaaa,  InB  baooaaa  noro  nogatlva  alnoa  B  la  laaa  thn  ono« 


and  tha  aooapt  Intareapt  haocnaa  nora  poaltiTa.  Xharafora,  aa  od. 
daoraaaaa^  tha  aooapt  Una  noraa  anaj  fToai  tha  r  o/Tq  Una  (aaa 
flgora  6),  tha  sona  of  no  daolaion  la  vldanad  on  tha  or  aooapt 
alda,  and  thara  la  a  anallar  ehanoa  that  a  pairtloular  awit  point 
■111  fall  In  tha  aooapt  araa* 

ia  ^  daoraaaaa,  B  daoraaaaa.  igaln,  tha  aooapt  Intaroapt 
baoanaa  nora  poaitlTo  or  largar. 

lha  napaitudaa  ana  dlraeUana  of  ohangaa  la  tha  Istaroapta 
night  ba  dataminad  and  analgaad  bgr  taking  partial  dari’tatifaa  of 
^  7  and  6  aa  In  tha  follcwring  aaa^ilaa.  Boob  an  analjrala  aaa 


not  oondnotad  for  thla  p^wr.  Far  braaltj,  (*(/^l)  ^  la  tamad  w. 


9V*o> 


d/3 


34 


"U  (i-o<)j 


- 1 
/Jn 


(9) 


- 9[3a  (1  -^  )  -  In 

»  a  _* _ 


w  (1-/4)  (1  -/tf  )  V 


(10) 
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VTiationa  O.C.  Cunra 

Appendix  C  daaoribea  a  nathod  of  oaleulatlng  the  oonplete  O.C. 
ourre  for  any  particular  teat.  A  aijplo  mathanatleal  relationship  for 
L(T),  the  probability  of  aooeptlng  Ho>  in  terina  of  i  and  T^Ao 

is  not  available  axe^t  for  isolated  points.  The  airpleat  ^roach  is 
to  use  the  data  and  O.C.  curves  of  Handbook  mod  (Jtef  l8:2.9-2.20,2.63> 
2.61i).  This  ^roach  was  used  in  the  foUoidng  aaetions  of  this  chapter. 

Yarlatian  of  O.C.  with  Tj^Ao*  ^  ratio  increases,  the 

slope  of  the  O.C.  oux^  increases  and  the  test  becomes  more  discrimin¬ 
ating.  Figure  8  glres  skatdias  of  the  O.C.  curves  for  test  plans  taken 
froa  Handbook  H108.  The  C  codes  are  for  test  plans  aith  of  0.1  md 

^  of  0.1.  The  D  codes  are  for  test  plans  uLth  of  0.25  end  /3  of 

0.1  (Ref  I8t2.2).  JS  c(  f  ^ ,  mid  Tq  are  constant,  as  T^Ao  increases, 
the  probability  of  accepting  a  lot  ultb  a  i>artlcular  TAq  vslue 
decreases  if  the  T  is  below  Tq.  Figure  8  illustrates  this.  For  exai^le, 
if  tAq  la  0«6,  as  T]^Ao  Increases  (code  C-10  to  C-l5)  the  L(T)  de¬ 
creases.  If  the  T  true  is  greater  than  Tq,  the  L(T)  increases  as  TiAo 
increases. 

Variations  of  with  T]^  Constant.  Figure  9  ooqpares  the  O.C. 
curves  of  two  tests  both  with  e<  «d  risks  of  0.1  but  with  differ¬ 
ent  test  ratios.  The  curves  of  Figure  8  were  latltiplied  ly  the  ippro- 
prlate  TqAi  ratio  to  give  the  abscissa  nonwQiaed  in  tenos  of  Tx 
rather  than  Tq.  For  any  partloular  test  this  makes  no  difference.  The 
absolnte  T  will  be  the  sane  regardless  of  how  it  is  nomallaed.  >  .<e 
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flgur*  IndloatM,  for  •  aot  ^  rLBk,  m  tha  Tj/I^  ratio  Inoraasaa, 
tho  alopa  inoraaaaa  aid  tha  prodooar  oon  obtain  an  »<>  of  aaj  0.1  at 
a  loNar  T  troa  than  with  a  lonar  T  ratio  taat.  Ounglng  tha  noraallsa- 
tlon  aaraljr  alldaa  tha  ounra  In  Flfura  8  aeroaa  tha  abaolaaa.  If  tha 
oonaunar  haa  aat  aoaa  daflnlta  and  /3  Mhloh  auat  ba  hald,  aooh  a 
elunga  In  nomallaation  oould  ba  uaafni  in  datandnlng  Nhat  tha  oon- 
traotor  aaat  naat  for  tha  Tarloua  T  ratio  taata  to  ba  oonaidarad* 

fariaticn  2a&«  with  Flguraa  10  and  11  Uluatrata  tha 
ohangaa  In  prdbabilitgr  of  aooaptanoa  ahan  oC  la  Inoraaaad  to  a  laral 
aa  hi^  aa  0.2$  aith  ^  oonatant.  Sia  inoraaaa  In  •<  raduoaa  tha 
probability  of  aooaptanoa  for  all  T/Xq  aalnaa  graatar  than  Ti/Iq  for 
a  taat  altb  tha  aana  txAo  taat  ratio*  la  a<  Inoraaaaa  aith  oonatant 
/d  and  t^/tQ  ratio,  tha  0.C*  eortaa  tand  to  pivot  about  tha  tiAo# 
point  and  tho  probability  of  aoeapting  lota  balov  inoraaaaa 
allghtly*  Codaa  0-10  and  D-5  in  figura  6  alao  ara  axaiplao*  Ihorafora, 
a  vary  high  o<,  or  prodooar'a  rlak  doaa  not  halp  tha  ocnaunor  in  all 
roppaota. 

It  aa«o  doubtful  that  a  produoar  aould  lika  to  aooapt  an 
rlak  aa  high  aa  0*25,  but  if  hla  oxpaotad  T  uara  auoh  graatar  than  Tq 
ha  al|^  in  ordor  to  radnoa  tho  taat  tlna* 

Variation  Bw  ourvaa  ara  not  ahom,  but  by 

nalogy  to  tha  diaouoaion  for  <<  varlationa  abova,  uhn  tho  for  a 
partioular  taat  la  Inoraaaad,  tho  0*C*  ourva,  for  of  c-10  in 

figura  8,  wonld  pivot  about  tha  1(1)  aqnal  0,9,  I^o  aqoal  1  point 
nd  tha  L(t)  for  T  laoa  than  Tq  aould  inoraaaa*  For  I  graatar  than  Tq, 
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Variation  of  O.C.  with  Ti/TOj  ^  of  0.25 
_ (Data  ffon  Raf  l8t2.2.2.17) 
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the  probebllity  of  eooeptanoe,  LCT)^  tiDuld  daoreeee*  Therefore^  the 
prodooer  has  an  Interest  in  holding/^  within  reasonable  Halts  whan 
his  produot  is  very  good. 

The  oroas  effeota  of  a  hi^  inoreaalng  the  effeetiTS  ^ 
aboTo  Tq  and  of  a  high  *4.  inoreasing  the  sffeotire/^  below  are 
diainlahed,  but  they  do  exist  and  can  help  the  desire  for  reasonable 
ooqproadsea  ahan  both  aldea  are  willing  to  admit  the  cross  effeota 
exist. 

Variation  of  Awerage  failure  Muaber 

A  charaoteriatlo  of  any  SR  test  that  is  of  major  Interest  is 
the  eipeoted  or  ararage  failure  nuaber  before  a  deolslon  is  reaohedi 
AfH.  m  sequantlal  tests  in  wftiieh  the  lailt  of  test  is  an  item  not  a 
failnrej  sooh  as  testa  of  fraction  defeotlTSi  this  is  the  ASV  or  awer- 
age  8a^)le  nuaber.  As  aantloned  previously.  In  mean  tine  tests  each 
apeoiaan  or  unit  of  teat  oan  be  oonsldered  one  failure.  Appendix  D 
gives  the  equations  that  oan  be  used  to  develop  the  AR  for  the  tests 
and  for  various  T/Tq  values.  The  relationships  involve  L(T)  is 

derived  fron  a  pair  of  paranetric  equations  (See  Appendix  C).  Thja 
oreates  diffioulty  In  developing  a  siif>le  aathaaatloal  relationship 
for  the  AIM  and  the  related  expected  test  tlas  in  terae  of  the  four 
test-defining  paraasters,  -4  ,  /6,  and  Tq  (or  Ti/Tq).  Itandbook 
BIOS  Qiaf  l6t2.63-2.65)  gives  values  of  AFV  (tamed  Bg(r)  in  that 
refaranoe)  for  aany  8R  teats.  These  are  reoonnended  for  use. 
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VTlatlon  of  i£N  with  Figures  12  and  13  Ixulloato  that 

for  ^  and  /3  oonatant,  aa  the  T^/Tq  ratio  inereaBea,  for  any  partic¬ 
ular  trua  tAq*  ^  ^  Inoraaaaa*  Qr«  aa  tha  dlsorlnlnatlan  of  the 
test  goes  up,  tha  aapaoted  falluraa  go  up. 

Varlatien  ^  with  gad  If  Tx/Iq  ^  asaantlally  oonatant 
(for  axajylaa  C-l5  and  D-12  In  Flguraa  12  and  13)  and  daoraaaaa 
(Figure  13  to  Figure  12)  tha  IFM  will  Inoraasa.  Higher  aaauranea  that 
Tq  quality  ItaM  will  not  be  rajaotad  requires  nore  testljig.  k  deox'eaae 
In  la  not  eo  obvious  fron  the  figures  but,  as  explained  earlier, 
and  as  suggested  by  AMJP  7U-1  (Ref  l6t3)>  an  increase  in  Is  equlv- 
alant  to  a  lower  Tj/TIq  ratio  test  at  the  sane  /3  risk.  Therefore,  a 
deorease  In  can  be  represented  by  an  Increase  in  the  Ti/Tq  curve 
used.  Again,  the  AFH  increases  for  a  greater  assursnoe  that  Iteav  as 
bad  as  Tx  will  not  be  accepted  or  for  a  dooroase  in  . 

[SKABSS  alMuld  be  noted  that  the  AFH  f  or  ai^ 

one  test  occurs  whan  T  Ues  between  Ti  and  Tq  in  the  vldnlty  of  a 
(see  Bp  5«6).  Therefore,  If  the  true  T  of  the  Itens  can  reasonably 
be  estiaated,  the  test  selected  should  not  place  ttiat  T  near  s. 
would  be  dellbarately  aladng  for  the  longest  test  possible. 

It  will  benefit  no  one  to  set  Tx  above  the  expeoted  T.  The  con- 
"ill  aeldon  benefit  Aron  rejection  of  the  bulk  of  the  product 
subnitted.  If  the  Tx  needed  were  actually  higher  thm  the  T  v 

to  produce  and  Tx  oould  not  be  reduced,  then  screening  Ixnpeotlon  or 
sons  other  fora  of  100  %  sorting  should  be  oonsldared.  k  asqnmtlal 
test  oannot  upgrade  the  quality  sutaaitted  any  nore  than  ny  other  test 
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oan*  It  on  glvo  i&foxnfttion  ot  a  mlniinvBn  cootf  and  It  can  prorixla 
InontiTo  to  tha  producer  not  to  reduce  q;uality  exoeaaiTelj’  through 
over<4111gent  ooat-roduotion  programs  • 

In  generalj  the  T  ejqpeoted  Should  be  above  Tq  or  at  most  slightly 
below  It  depending  on  the  preference  of  the  producer  to  take  or  srold 
risks  sad  on  the  oonsuner's  desire  for  a  short  or  long  test.  1  long 
test  aay  provide  nore  Inforaatlon  on  the  e(tul|SBantf  but  it  will  prob¬ 
ably  delay  delivery. 

12^.  As  indicated  by  figures  12  and  13  a  smaller  AfM 
occurs  tdien  the  eqiulpsMnt  Is  very  poor  or  vary  good.  Ihls  agrees  with 
the  general  concept  of  a  sequential  test.  If  the  first  17  salnuts 
ssupled  fl*cn  one  bag  ware  good,  the  probablll^  that  the  shole  bog 
was  good  would  oertainly  be  much  hl^iar  thn  if  17  of  25  were  good. 

If  the  equipment  shows  very  good  or  very  bad  T  the  test  oen  be  out 
short.  Thus,  a  faster  test  occurs  shen  the  true  T  is  outside  the  Tj. 
to  Tq  bond. 

Variations  ^  Test  Time 

ippendlx  D  indicates  that  the  expected  wslting  time  for  a  decision 
is  a  direct  function  of  the  AfH  and  is  quite  direct  shea  failed  iteme 
are  replaced  or  repaired  and  returned  to  the  test  soon.  It  is  dlffloult 
to  state  exactly  how  such  off-test  tins  in  rqpair  is  too  much,  but  a 
dom  time  of  5  5  or  loss  of  the  operating  tine  should  not  osnse  an 
error  more  than  the  other  estimates  cause.  This  figure  is  adbalttedly 
subjeotlre  and  should  be  investigated  on  individual  tests  if  It  appears 
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troublaaoM. 

Dm  SOM  oonmnts  that  appUad  to  the  AFN  qiply  to  V(t)AQ> 
the  aoa  of  the  e]f)eotod  Halting  tine  In  aultlplee  of  Tq*  ia  TxAq 
inoreaeeaj  the  waiting  tine  inoreaaea*  Ae  Cir  rlaka  deoreaeOf 
the  waiting  tine  inoreaaea  -  ligurea  14  and  15«  aa  oould  be  eapeotedi 
are  ainilar  in  fom  to  thoae  for  AFN  reraua  TAq  except  the  influanoe 
of  inoreaalng  T  tenda  to  reduce  the  drop  off  of  V(t)Ao  abore  Tq.  The 
reduotion  In  teat  tine  ia  atiU  appreciable,  however.  The 
ejpeoted  waiting  or  teat  tine  la  4gain  when  T  true  la  between  and 
Tq  and  near  a. 

^Sj^t^ja  for  X*  reduction  r  teat  tine  and  therefore 
in  teat  eoata  ahwld  act  aa  a  atrong  incentive  on  the  producer  to  pro« 
dnoe  Itena  with  T  greater  than  Tq.  Of  oouree,  it  alao  auppllea  incen¬ 
tive  for  bin  to  agree  to  the  loweat  Tq  poaaible.  The  reducUon  for 
varioua  T  greater  thw  waa  not  oaloulated  for  thia  pi^.  ilCP  74-1 
CBef  l6tU)  Indioatea  that  for  KBZg  TWak  (k>«g>  3  teata,  where  T^/Tq 
la  0.667,  if  the  true  T  la  twioe  Tq,  the  vqpeoted  teat  tlM  ia  on  the 
order  of  one  third  the  eaqMoted  teat  tine  when  true  T  la  T^^  Figure  14 
indioatea  that  the  aavlnga  will  be  eapedallor  large  if  teeta  of  h<g*' 
dlaorlnixiation  or  high  T^/^  ratioe  are  uaed.  Figure  15  indioatea  that 
the  aavlnga  will  be  leaa  at  high  pC  teata. 

at  Toet  d^araoter  with  Saaple  Biae  n 

If  the  diatrilntlon  of  failoree  ia  aotually  iy 

tribvted  the  nwher  of  eqgi]BMnta,  n,  put  on  teat  ahould  have  no  effect 
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on  tha  tMt  other  than  to  reduce  the  oelender  welting  tine  If  n  la 
large.  For  a  partloular  lot,  the  eum  of  the  teet  or  waiting  tine  on 
all  equlimenta  ahould  be  the  aaae  regardleea  of  the  else  of  n*  The 
teata  eonaldared  In  thla  paper  are  prlaarlly  oonoemed  with  anall  n 
Ba^>leB  and  anall  lota.  The  problaH  of  aaipling  aa  oorered  bgr  the 
production  teat  prooedurea  of  iiCBBB  Taak  Qro(g>  #3  (Ref  13il67*17li,lRl- 
190)  are  not  corered  Corrently,  on  relatively  email  lota  the  only 
reaaonable  approaoh  aeena  to  be  to  aaatDie  that  the  few  Itena  that  cm 
be  placed  on  teat  truly  rapreaent  the  lot  whlla  adding  whatever  requlre- 
nmta  aeea  practical  to  inoreaae  tha  probability  that  the  aaaua^tlon 
la  tnia. 

BUtribntlon  n2t  Jtocnential 

There  la,  of  oouraei  the  very  real  riak  that  the  dlatrlbution  la 
not  exponential.  Thla  aeotlon  la  the  only  one  in  thla  p^>er  oonaiderlng 
a  non-exponentlal  dlatzlbutlon.  The  dlatrlbution  nay  have  m  Inoreaalng 
or  a  decreaalng  failure  rate  with  tine  euoh  aa  the  WelbuU  diatributlona 
daaerlbed  by  Teohnloal  Reporta  TR-3,  -4,  and  -6  (Refa  20,  21,  22).  A 
deoreaalng  failure  rate  oould  be  found  for  none  parta,  but  in  equip- 
■mta  It  would  probably  Indloate  inadequate  bum-in  or  debuggijig  by 
the  producer  before  tha  Itean  ware  auhaitted  for  teat.  If  tha  failure 
rate  ware  truly  deoreaalng  with  tine,  a  large  n  on  teat  would  nem 
that  tha  T  aem  by  the  teat  would  tmd  to  be  abort.  Fewer  itena  on 
teat  would  give  the  itena  tine  to  gat  out  to  the  longer  T  life  period. 
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The  more  probable  Tarlatlon  iron  exponential  will  be  a  failure 
rate  increasing  with  tine.  If  n  were  large,  the  sun  of  test  hours  for 
all  n  Iteaa  would  aootnulate  rapidly  and  the  test  would  in  effect  see 
a  low  failure  rate  or  hi^  T*  The  probability  of  acoiqpting  o<iQlpBMnt 
that  would  seem  poor  in  later  life  would  be  high*  Low  n  would  stretch 
the  test  tijae  on  each  Item  so  the  higher  failure  rate  period  could  be 
seen*  Usually,  there  will  be  far  tran  an  abundance  of  eqplpsMnts 
ATallable  for  reliability  test*  A  aaudl  n  w«ii  at  least  tend  to  reduce 
the  increasing  failure  rate  problem,  but  a  n  oan  also  reduoe  the 
probability  that  the  saaple  truly  represents  the  total  lot  being  pre¬ 
sented  for  acoeptanoe* 

Since  large  taomU  of  data  are  usually  needed  to  determine 
with  any  high  degree  of  confidence  the  true  distribution  of  a  popu¬ 
lation,  it  will  probably  be  difficult  to  establish  tests  for  new 
equipaants  with  any  high  degree  of  assurance  that  the  distribution 
assunptions  are  sound*  Ilian  no  data  are  arallable  other¬ 

wise,  the  eiqponentlal  distribution  seems  a  reasonable  aasuaptlon*  It 
could  be  said  that  It  takes  the  middle  ground  if  the  distribution  Is 
completely  unknown,  it  greatly  sixplifias  oaleulaticns,  much  work 
using  the  ejqMnentlal  assumption  that  has  bean  done  in  operations 
research  and  telephone  systans,  and  as  %ateln  points  out  it  allows 
aiplioation  of  the  well  dereloped  Poisson  process  (Ref  7i2),  Epstein's 
work  on  tests  to  determine  if  assunptlon  of  the  exponential  distribu¬ 
tion  is  ralid  is  an  excellent  reference  for  methods  to  be  m>plled 
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during  or  After  a  teat  (Ref  10). 

2h  angr  SFR  teet  thax«  exiata  the  poealbllity  that  the  teat  nd^it 
tezvlnate  only  after  a  long  tlM  regardleaa  of  the  oCt  »  Ti/Tq  para- 
aetera.  Itouallyi  the  probability  that  an  SFR  teat  will  tezvinate 
before  en  equiralant  conventional  teat  (aaae  and  /3  )  ia  on  the 
order  of  60  jKj  but  a  partloular  teat  aequanee  could  aander  about  in 
the  no  deolaion  sone.  It  ia  auggeated  that  the  proeedurea  of  HHid» 
book  1006  be  uaed  in  specifying  trunoatlon  polnta  uhioh  cut-off  or 
atop  the  teat  at  acne  oonbixiation  of  teat  tine  nd  fallurea  idMn  the 
tiJM  haa  groaaly  exceeded  that  e:g>eoted.  The  convenience  of  the  pro¬ 
cedure  la  one  nore  advantage  in  uaing  1006  (Ref  I6t2.58,2.60,2.62). 

It  ia  believed  that  a  prooedire  to  aispUXy  caloulatlona  of  k  and 
/3  rlaka  at  aueh  earlier  truncation  polnta  would  be  twefbl,  but  tMe 
waa  not  atteapted  for  thia  paper. 
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7.  T»«t  Co»ta  and  Salectlop  Procadora 

Sona  ralatlonahip  batnaen  teat  coat  or  tlaa  and  tha  T^/l^  taat 
ratio  ooold  be  vary  halpibl  in  aalaeting  a  good  teat  plan  for  aaoh 
particular  problan  (the  tem  optlanw  teat  ia  avoided  alnea  an  optiaun 
teat  baaed  on  rougb  eatlaatea  aaeaui  mlikaly).  Dm  SFR  teat  plan  data 
of  Handbook  KI08  (Ref  16)  aeana  to  have  boon  baaed  on  the  nathoda 
daaoribed  In  thla  paper^  ao  data  firoai  that  handbook  iiera  uaed  aa  a 
atartlng  point. 

Ralatjonahlp  ^  feat  flJ»e  ^ 

In  attam>ting  to  find  a  ralationahip  batwaen  tha  axpaoted  taat 
tiJM  and  tha  taat  ratio  it  aaana  raaaonabla  to  aaaiaw  that  few  oon« 
traotora  will  be  plaaaad  about  an  p<  zlak  greater  than  0.1.  Aa  pre- 
vioualj  diaeuaaad^  ami  if  the  conaunar  aatinatea  a  point  at  /3 
other  thm  0.1,  tha  taat  oan  be  deacribad  by  aona  other  or 
at  /3  atpial  to  0.1.  Tharafora^  tha  Code  C  taat  plana  of  Handbook  H108 
wra  uaed.  Iheaa  plana  and  tha  aaaooiatad  O.C.  ourrea  aat  «<  at  0.1 
at  and  at  0.1  at  (Ref  I8t2.13-2.16,2*6U). 

Iha  an  valnaa  for  T  equal  to  m,  and  Mara  read  Aron  Hand¬ 
book  K106  for  varioua  teat  plana.  That  data  and  tha  data  raaultlng 
trm  the  prooedure  daaoribed  baloM  appear  in  Appendix  B.  IMng  tha 
ralatioaahip  of  7(t)AQ  to  All  daaoribed  in  Appendix  D«  tha  tine 
▼(^)Ao  w*  oaloulatad.  That  araraga  aoouiaBlatad  taat  in  ™?*-1p]aa 
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of  Tq  TorsuB  tha  T^^/Tq  la  akatehad  in  Figure  26,  Aa  could  ba  notad 
froBi  Plsuraa  Hi  and  15,  If  tha  T  trua  la  aqual  to  tha  expaetad 
taat  tiaa  la  ahortaat  of  tha  thraa  oaaaa  oonaldarad.  If  trua  T  la 
aqual  to  a,  tha  alppa  factor,  tha  taat  tlM  la  loncaat. 


Raaraaalon  of  Taat  TIjm  ^ 

Tha  aluqM  of  Flgura  16  indleataa  an  axponantlal  ralatlonahip. 
Tha  ragraaalon  aathod  uaad  la  daaorlbad  in  Appandlx  S*  Probably  dua 
to  tha  TqAi  >  1  tana  In  tha  Inaqualltlaa  goraxnlng  tha  SFR  taat, 
tha  ralatlonahip  doaa  not  aaaB  axponantial  orar  tha  antlra  ranga. 
Homrar,  tha  oalculatlcna  Indieata  that  for  a  T^/Tq  mnga  of  iqtprox- 
inataly  0*26  to  0*72  tha  ragraaalan  aquation  balow  holda  within 
plna  or  alnua  7  %• 


V(To)Ao=  • 


(7(T3Ao)  -  1.7) 


(11) 


Ihla  ralationahip  glraa  tha  axpaotad  tina  to  raaoh  a  daoialcn 
In  nultiplaa  of  Tq  whan  tha  trua  T  la  Tq  aa  a  function  of  tha  taat 
ratio  Tj/Tq,  Tq  aaawad  a  raaaonabla  coB^raadaa  T  to  uaa  aa  an  approx* 
ination  of  tha  T  to  axpaot,  Qalng  tha  ouznra  for  T  aqual  to  a  (a  tma 
in  ligpira  16)  aanaad  paaaladatlo*  It  could  ba  hopad  that  tha  araraga 
taat  did  not  faea  thla  high  taat  tlaa  condition*  If,  on  tha  araraga, 
la  trua,  both  tha  prodoow  and  tha  oonaunar  will  ba  in  daapar 
tronbla  than  long  taat  tlaa*  Tha  produoar  will  axpazlanoa  a  rajaotlon 
rata  of  100(1  -^)  %  ot  produoticn.  Tha  oonauaar  will  raoalTa  poor 
itana  prlaarlly  and  not  any  of  arm  thaaa.  la  tha  targat 
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v(t)Ao 


Ti/Xo  Teat  Ratio 


Codo  C  Plana  Raf  18, 
e(  and  ^of  0.1 


Fig.  IS 

Skateh  of  Taat  Tina  Varaua  Toot  Ti/^o 


(Data  fMM  Appandix  S, 
Vabla  m) 
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point  ftt  Nbioh  th*  prodaoar  tdll  probabljr  nin.  Figure  17  shoM  the 
regreaalon  plot  of  11. 

nroB  the  regreaelon  it  aeeae  that  eoae  relatlToly  eiqple  rela- 
tloneMp  on  be  obtained  for  the  o^eoted  teat  tine  aa  a  fbnotlon  of 
the  teat  ratio*  If  thia  relationahlp  eould  be  oonbined  with  the  rari- 
ablea  of  the  phgraieal  teat  prooedure  anoh  aa  nunber  of  houra  per  daj, 
ahifta  per  dij,  dagra  per  aonth,  teat  faeilitiaa  per  unit,  and  the 
aeforal  othera  that  oan  ehange  the  ooat  of  a  teat  and  the 
tine  required  for  a  deolaicn,  than  a  teat  ooat  aa  a  function  of  the 
teat  dtj/to)  ooold  be  developed*  Suoh  a  relntionahlp  mm  not  developed 
for  thla  paper,  bat  one  aeana  feaeible* 


Qsan 

The  laral  Ordianoe  Teat  Station  Nvmal  inrtieatea  that  one  valid 
relationahlp  for  detendning  ■Ty'^T  aiae  la 

c.  /3  (Coet  of  ieoeptlng  true) 
y-  (Ooat  of  Sejeotlng  (^) 

-h  Coot  of  Teat  or  Bverlamt  (Bef  3tl7) 

—  Op  ^  o<.  ^  C,  (33) 

^  la  total  ooat 
e<  la  predueer'a  riak 

^  la  eonaanar'a  riak 


Ct 


or 

Or 


li8. 


iiH wr  iiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiHiiiiiii 
iflHiiHi  HiHimimmniBnniBHHnm 
jjWMaiHKHIRiHKMKmtWKiWffWft^Wwl 


iHHiiiiiimiitHiiMHiilliiHIHiiiilliH 

"imiliniKiliiiiiiiiiililHilHHHniiHi 


08^^63-7 

^  Cb  !•  th*  flrtt  t«ni  of  B}  12 

^  l0  tho  ■ooond  tom  of  A}  12 
C,  1«  tost  ooet 

Zf  •  rolAtlonahlp  for  tho  abonra  qiuntliloa  in  t«nw  of  T^/Tq 
oouU  bo  dorolopod  tho  total  ooot,  Cf ,  ooold  bo  alniAUod  mth  roqpoot 
to  Ti/Xb  rothor  than  adidxdiod  vlth  roopoot  to  n,  tho  oaq^  oioo.  3b 
this  oootlan  oo  in  noot  of  thla  popor^  tho  ooaplo  also  a:vallsblo  for 
rollsbUlty  toot  lo  oonoldorod  oooaatloUy  eonotont.  Uhotovor  oalta 
that  oan  bo  nado  cvailoblo  (ahloh  Mill  probably  bo  few)  Mill  bo  uaod 
ao  n* 

Sb  SSfJl*  ^  rolatlonohip  f or  Cb  13  in  tonM  of  Ti/Tq  Is 
doalrod.  It  lo  aomaad  tho  problaa  oonooma  a  ohookout  agnljownt  uaod 
in  idiat  ooold  bo  oonoldorod  a  erltloal  appUoatlon  supporting  a  ooriMt 
Tohlolo.  Tho  probability  that  tho  oqolpnant  Hill  not  foil  throogh  Its 
Miflolon  or  oflo  tins,  t,  lo 

,  -tA 

Pg  =  P(ohoo]ooiit  not  fall  In  t)  s  o  (lU) 

Tho  probability  that  tho  oonbat  Tohlolo  mil  fail  duo  to  a  ohookout 
follnro  la  doflnod  as 

Z  s  P(Tahlolo  fail/obookoot  failod)  =. 

IMbor  of  rohiolo  failoroo  duo  to  ohookout  falluros 
lUbar  of  dwokout  falluros  (15) 

Tho  probability  that  tho  oostet  rahlolo  mil  foil  Its  moolcn  duo  to 
ohookottt  follnro  (or  oiror)  Is 

Pf  =  (l^o)2  •  P(y«liiolo  foU  duo  to  ohookout  fmi)  (IS) 
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Thl«  is  bM«d  on  ths  SMiavtion  that  tha  d— of  tho  obookoat 
oqolfMnt  «nd  tho  Tohielt  oro  odoqoato  aod  eoq;iotlblo  •  that  lo  «lMn 
tho  ohookout  baharoo  In  ohat  lo  daflnod  ao  propor  oparation*  tho  Ttfdolo 
io  proporljr  ohookMl*  Thlo«  of  oooroo,  aoouMO  aoaj  a  dlffioolt  task.  If 
Cf  lo  daflnod  ao  tho  ooot  of  a  loot  oioolon,  than  tha  aspaetad  loot 
nioalan  ooot  par  nlsolon  duo  to  ehaokoot  fallara  lo 

C^=CfifsCf(l-?^)Z  (17) 

If  tha  dlotrUbntlon  of  ehaokoot  fallnrao  eon  bo  aaoimid  ajpcnantial, 
tnm  H  U» 

-tA 

=  C^(l  -  a  )  (18) 

If  an  aotlnata  of  tha  ooot  ahan  T  aqoala  lo  daoirod,  and  If  tha 
ao^onant  is  noraallsad  to  Tq,  1%  18  tianrawa 


Cb  lo  ojqwotad  loot  nloolon  ooot  doa  to  diookoat  failnros  idtc  i 
lo  troa  or  tha  ooot  of  aooaptlng  HqAi  troa 
Cf  la  ooot  of  a  loot  aioolcn 
Z  io  daflnod  tgr  It  15 
t  lo  oparatlng  tlw  of  daookoot  aqolioMnt 
Tq  lo  tho  hl^  target  point  ao  aorllor 
^  lo  tha  aoaoaad  aetnal  T  of  tha  ohookBOt  aqolpaMnt 
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A0  TxA)  dttorMSMt  Ob  idll  laorMSe  itfiloh  Is  to  b«  axp^oUi,  If  Tq  is 
hold  oonstsnt,  at  tbs  T],  doorssast  Mrs  failurss  art  sxpsotsd.  H  19 
bs  ^^raprlsts  for  tbs  first  tsnM  of  Iqip  12  nd  13* 

Rapair  aid  mintananos  ooata  scold  bo  addsd  in  li  19  ii'  i|prs- 
oiabla,  but  for  aiiplloitgr  bars,  it  la  aaaoMd  a  lost  aiaaion  ooat 
ia  anob  grsatsr* 

2i  SSI&S,*  ^  ^  rsjsetlng  gisan  Bq  ia  tros  oould  bs 

oonaidsrad  aa  oonatant  «itb  rsfsranes  to  Hmm  ooata  of  rsjsot- 

inf  tbs  lot  ttei  To  ia  tbs  tms  T  sill  Involss  rusork  ooata,  rasub- 
■daatcn  ooata,  and  shatsfsr  salas  tbs  prodoesr  puts  on  angr  raputatioa 
loaa*  lbs  oonaoMr  loasa  tbs  atfailabllity  of  tbs  aotaaUy  ".eaptabla 
iijilfit  «*»<«*»  aigbt  bs  badlj  nssdad.  Ibsao  ooata  nUI  aaaantlany 
not  sazT  mtb  tba  TxAq  ratio* 

If  It  12  oould  bs  dar^Lopsd  la  tana  of  T^/Xq*  tbs  oonrantional 
aijproadi  of  taking  tbs  darlsmtlfs  sitb  rsapsot  to  T]Ab  aquatlag 
to  aaro  ahoold  load  to  tbs  Mni—  ooat*  Tbla  proosdars  soold  la  sffsot 
squats  narginal  ooat  to  narglaal  gala*  Tbs  0^^  ooata  would  drop  out  of 
tba  rolationablp  alaos  tbajr  would  not  Tarjr  with  T^q*  ooata 
would  obaigs  tbs  aapdtuds  of  tbs  wlniMi  ooat  point,  but  tbogr  would 
not  obaags  its  position  witb  rsapsot  to  Tj/Eb*  khioh  ^  tbs  pamatsr 
dsalrsd* 

fla  t  Ooat^.  Tba  tsat  ooat  will  bs  foiotian  of  tbs  f oUoaiac 
tsat  conditional  tba  oo^plaxitar  of  tba  asasaranmta  to  bs  nada,  tba 
onvironnntal  faoilitiaa  raquirsd,  tbs  nsaanrsamt  and  tsat  squlpawnt 


$2* 


requiradf  the  pertonnal  rsquirsdj  the  penalty  ooeta  involTed 

ty  aeoond  and  third  ahlft  (q;>aratlon  and  alx  and  saran  day  operation, 
the  potiar  required,  the  nuaber  of  equlpmanta  on  test,  the  Ingth  of 
test,  and  other  factors*  For  any  particular  n.  It  should  be  possible 
to  eatiaate  as  a  function  of  nt  for  various  values  of  the  above 
factors  controlling  test  cost*  Since  n  can  be  considered  essentially 
constant  for  one  particular  problan,  the  test  tine  t  will  be  the  najor 
variable  factor  in  the  nt  value.  There  Is  no  reason  to  e:q>eot  that  all 
functions  would  be  linear,  but  ov«i  Hr*-*-  ^proxlBations  aade  fron 
a  few  calculated  cost  points  should  Indicate  the  goMral  txunds  of 
coat  change. 

Cost*  The  V(To)Ao  of  1)  11  Is  nt/l^.  Therefore,  If 
the  proper  algebraic  ■anlpulatlons  are  implied  to  Iq  11  and  a  cost 
function  as  discussed  in  the  preceding  paragraph,  it  be 

possible  to  obtain  an  esq^resslon  f or  C,  as  a  function  of  nt,  1^,  and 
Tj/Tq*  a  gnphloal  approach  using  Figure  17  and  plots  of  the  oost 
Amotions  with  nt  as  the  Independent  variable  could  lead  to  plots  of 
the  sumwtlon  of  ejqpeoted  costs.  The  ociMnation  of  C3  and  as  in 
Iq  13  should  indicate  the  wlnlmsi  oost  point  and  the  related  T^/Fq 
Indicated  as  the  best  test  ratio. 

The  algebraic  woric  suggested  above  was  not  ooqpleted  for 
paper.  The  approach  seew  feasible,  however,  and  if  developed  should 
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ylflld  at  leaat  «  good  atartlng  point  In  aaloctlng  tha  ti/tQ  ratio  for 
a  partloulai'  teat. 

Prooadura  3elaotlng  jg  Taat 

Tha  prooadura  abova  oartainly  la  far  from  a  final  anawar  on  a 
aathod  to  aalaot  a  taat*  ippandix  J  oontaina  a  auggaatad  approa<^  to 
aalaotlng  a  raaaonahla  T^/to  taat  for  a  particular  job.  Tha  aqgcao> 
tlon  la  prlaarlljr  to  uaa  bruta  foroa  in  trying  a  T^Aq*  rarlaiilng  tha 
rlak  oonaldarationa  of  Ippandix  7,  aatlnatlng  tha  ooata  and  tlaa, 
than  trying  again  If  tha  raault  la  not  aatlafaotory.  Hardly  a  aophla- 
tloatad  prooadura,  but  it  aaana  to  ba  tha  ona  raeonnandad  fagr  aooh  of 
tha  Utaratura  on  tha  aubjaot.  Again,  It  la  raoonaandad  that  HlOd  ba 
uaad  at  laaat  for  guldanoa  uhan  appropriate. 
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VX.  Ccpcluaion 


BSS^ 

A  Mthod  for  a  gulda  In  aalootlng  a  reaaonabla  SFR 

(soquantlal  probability  ratio)  toot  Mao  daalrad*  Appendix  J  gtraa 
suoh  a  solda.  Aa  prerlooaly  aantionad.  It  is  hardly  a  aaphiatloatad 
aathodf  but  It  ahould  ba  halpful  in  obtaining  teata  naarar  optimi 
thm  para  guaaaaa*  Tha  flow  duurt  of  that  appendix  rafaraneaa  aararal 
of  tha  othar  appandloaa  and  tablaa  and  Figura  17  of  papar  in  tha 
hope  of  Baking  boat  uaa  of  tha  affort  inraatad* 

Appendix  F  llata  aoM  of  the  pointa  to  oonaidar  in 
aooaptable  riaka  for  a  taat. 

Figura  5  and  alxUor  ourraa  that  oould  ba  obtainad  fron  tha 
Mthoda  daaoxibad  in  Appendix  D  uaing  Hmdbook  HlOd  ahould  acpply 
infooMtlon  to  abow  projaot  anginaara  Mhat  an  SRt  taat  oould  do  to 
radooa  Halting  tijn  bafora  a  taat  dadslon. 

fabla  If  Nhloh  la  inoludad  hara  oa  a  ouBBMry  of  ooom  of  tha 
pravloua  workf  glraa  on  aaally  obtainad  ranindar  of  tha  affaot  of 
dtanging  any  of  tha  SR  taat  paraaatara.  It  oould  ba  uaaful  in  aodding 
daoialana  on  bov  to  ohanga  a  taat  plan  that  la  taiaooaptabla* 

In  ganoral  thonf  tha  raoulta  of  thia  papar  oonalat  of  a  aariaa 
of  oharta  and  llata  intandad  to  halp  in  aalaoting  and  in  nodiiying 
SR  taota. 
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SPR  testa  Hill  on  the  anraraga  ylald  ahortar  waiting  tiaaa  for  a 

tbMk  oonrantional  taata.  lha  tlJM  aavlnga  rary  with  tha  parmatara 
of  tha  taatj  of  ooaroa«  bat  tha  satlnga  oon  ba  on  tha  order  of  50 
Handbook  HIOS,  Prooadaraa  ^  T*blaa  f^  j^d 

Tbatlna  (Baaed  on  tha  tocnantlal  Djatribatlun).  is  an 
aaoallant  rafaranoa  for  aariooa  tast  plans  of  tha  SPR  (aaqaantial  prdb- 
abilitj  ratio)  taata  diseoasad  in  thia  P4>ar»  If  an  aaistlng  ailitary 
apaoifioatian  or  other  standard  does  not  ajdat  giving  aora  teat  plan 
and  prooadora  datailSj  for  a  partioolar  taat  salaotad,  that  handbook 
ahoold  ba  used  nhanavar  posalbla. 

ligara  17  Indioataa  that  thara  is  soan  ralativaly  sijit>la  a:q>onaiitial 
ralationahip  within  a  oaafol  ranga  of  ^*Mn  ?(l^)Ao 
idiioh  ara«  raapaotivaljf  the  aoa  of  tha  aiqpaotad  taat  tlaa  In  anltlplaa 
of  Hhan  tha  troa  T  (KEBP)  is  Tq  and  tha  tast  ratio  of  the  lower  and 
tha  oppar  spaoifiad  Halts  of  T  for  tha  partioolar  plan.  lha  diaonsaion 
in  Ohaptar  7  Indioataa  that  if  tha  proper  aathenatioal  ralationahip 
ooald  bo  darivadf  salaoting  a  good  tast  plan  oould  ba  greatly  sljig)llfiad, 
bat  that  a  graphioal  opproadaatifln  aay  ba  praetloabla  In  sono  problaaa. 

la  ganaral«  SPR  taata  should  ba  oonaidarad  for  reliability  testa 
of  aost  aqoipHMnt.  Slnpla  aqalpaunta  for  whioh  odaqoata  daslip  oan  bo 
oowplataly  ap«olfiad  ora  another  qoaation.  Cononly  oaad  Ufa  tests 
Involving  praaaal^ad  tiaaa  for  tamlnation  aooh  as  those  daaorlbad 
In  tha  front  saotions  of  Handbook  BIOS  and  by  %)staln  (Rafs  18,  9,  11) 
are  oartainly  valid  taata  and  are  appropriate  In  aaay  inatnoas,  but 
^  tests  should  alaayw  ba  at  least  oonaidarad.  Basovaky  is  a  oonvoniant 
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i«f«r«io«  for  a  dMoriptien  of  tho  proasal^Md  tljw  toata  (Saf  lt^8). 
ilCP  7U-lf  Control  Iwdnatlon  Prooadnraa  for  PUot- 

Prodoeticp  and  Prodnotlon  aa  Baoo— kUd  bar  BMk  Qtowd  Mo.  3  of  AfflUB. 
la  an  oxooll«it  rafaranoa  for  aaalataaoa  in  ondaratandlng  and  in  naing 
AOBB  prooadnraa. 

nr~rr~n^~^  rrxi  tv 

Itafaatigata  tha  ralationahipa  batwaan  tba  Ht)/tQ  a^aotad  taat 
tlaaa  and  tha  taat  mtioa  alth  tha  intantlon  of  doaalo|iilnc  tha 
nathaatioal  ralatlanaldfa  for  ninlann  taat  ooat  and  aaqpaotad  loaa 
aa  fyaietlona  of  tha  taat  ratio.  4panrtlT  I)  n«  and  Flgura  17 
ladioata  that  aooh  a  ralatlonahip  ahonld  ba  faaalbla.  Zt  aonld  ba  a 
vary  uaaful  tool  if  aanlJablo. 

Mndj  prodnotlon  naltipla  awiillng  prooadniraa  for  ralijthllity 
taata  alth  tho  Intantlon  of  ontlinlng  tha  prooadara  to  ba  f oUovad  in 
aatabliahing  rarlona  plana  for  rariona  rlaka  and  prodnetion  rataa. 
lafarmoa  la  aada  to  tha  prodnotlon  aan[i11in  prooadnra  rania— iiliiil 
ty  AOBB  fhak  droop  3  (Baf  13tl67). 

Inraotlgata  tha  poaalbility  of  and  tha  praotloalitj  of  doraloping 
a  aarlaa  of  taat  plana  alnl,Iar  to  Hnadbook  H108  for  diatribntiona  alth 
Innraaalng  haaard  rataa  mth  tlna.  9ia  Walbnll  dlatribatlon  ia«  of 
oooraa,  an  aaapla. 

Mad7  trvioatlon  of  8R  taata  alth  tha  intantlon  of  ovtllniiy  a 
prooatea  for  aatabliahing  tha  riaha  inoarrad  ty  aarlona  tranoation 
tlMa. 
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Appendix  A 


SPBl  lent  for  Sycfwntiel  ££  Poiiecn  Oaae 


If  the  onderloring  dletrlbation  of  fellure  of  e  population  is 
gorened  tgr  a  oonetent  Inetentiecne  failure  rata  or  hasard  rate,  the 


probahUltgr  danaity  fmetlon  uUl  be  of  the  fora 

,  -tA 

3  I  t>0,  T>0 


(20) 


Mhere  T  la  the  neai  tlae  betueon  fallorea  and  t  la  the  nlaalon  or 
operating  tlaa.  The  ouHolatlTe  distribution  from  0  to  t  la  the  unre¬ 
liability  or  the  probability  of  one  or  aore  failures  in  tine  t*  This 
leads  to  the  sell  knosn  reliability  relationship  or  probability  of  no 
failures  of 

-t/l 

R  =  e  (21) 

lAloh  Is  also  the  probability  of  no  failures  of  a  Poisson  distribu¬ 
tion  Nlth  KTET  of  T,  Tbs  exponential  then  actually  describee  a  Poisson 
process. 

If  there  are  n  imlts  on  test  in  a  Poisson  prooeas  the  failure 
*lli  l>e  in  effect  ntA*  Therefore,  the  probability  of  exactly  r 
failures  in  tins  t  Is 


r  -nt  A 

P(r|nA)  (ntA)  e 
rl 


(22) 
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lh«refor6f  the  SFR  or  UkUhood  rfttlo  for  tny  obsenrad  r  is 
P(g«tti2ig  sanpla  got^2  P(r)nt/Ti) 

P (getting  saiq;>la  got^  true)  Pq  P(r}nt/TQ) 


-(nt/Ti) 


(ntAi)^ 


-(ntAi)'f(nt/To) 


(ntAi)*^  (nt/TQ)"^= 


=  (To/T^)'e 


i  -i- 


nt 


(23) 


Hliere  teat  la  for  HqI  T=Tq  (IJ^Tq) 

T=Ti  (T^Tj),  (Ti<To)  (U) 
Ihla«  aa  it  ahould«  agreea  with  ^teln  and  Sobel  (Raf5t2)  and 
Basofaky  (Rafl:258)*  It  ahould  be  noted  that  nt  la  the  total  teat 


tlM  for  all  equl]aanta  on  teat*  Pbr  a  raplaoenant  teat,  thia  la 
obflonaly  true*  Fbr  a  nonreplaoeaant  teat,  the  aum  of  the  Tariona 


teat  tiJNa  on  the  different  equlpnenta  le  uaed.  ihla  total  teat  tine 
la  tenaad  V(t)  in  thla  report  which  agreea  wlUi  much  of  the  literature* 
The  SFR  teat  developed  fTon  the  above  ratio  la 


1 


<b<(TqAi)  • 


,  1  1 


V(t) 


PO  “ 


1 


(2U) 


If  violated  on  left  If  not  violated  If  violated  on  right 
Accept  Continue  teat  Aooept 


Xhe  daclaion  criteria  are  aa  noted* 


f 


I 
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A  teat  oould  be  oonduoted  bf  taking  one  obearratlon  (one  failure) 


at  a  tiaa  and  ooaputlng  the  SPR  at  aaoh  obaarratlon  to  datazvdne  if 
a  daolalan  ooold  ba  aada  at  that  tlna. 

aiipllfrina  tha  fcamu  Ig  2U  la  eowwnly  Manipulated  to  8iBg>llfy 
daolalan  Making  during  tha  teat  aa  foUova. 

/l  1  \ 


In  B<r  In  - 


▼(tXlnA  (25) 


*b 


In  B  -  r  In  (t^O  In  A  -  r  On  (Tn/tJ 

- <-?(t)< - ^  (26) 

11  11 

*1  *0  h'  h 

1^*1  “  l/*b|^®*  ®*flnlng  |i/Tj^  -  lAoj**  ^  ^or  birerity 
•od  aa  k  (iddoh  la  oonnanly  oallad  tha  dlaezinlnatlon  ratio, 

Raf  23t25) 


InB-rlnk  InA-rlnk 

- <  -  nt)  < - 


(27) 


DlTldlng  by  nlnna  one  and  rararalng  the  Inatpialitiaa 


-InA  rink  -InB  rink 

- + - <7(t)< -  +  - 


a  w 

(Rajaot  ^  alda) 


w  V 

(Aooapt  Hq  alda) 
Xhla  ralatlonahlp  la  ocaaunly  aaqpraaaad  aa 


(28) 


il  +  r  a  <  ?(t)  <  +  r  a 


(29) 
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lilWV* 


•ad 


.  In  A  -  3n  B 


*0  *1  *0 


1  1 


1-6 

A  = - 

oL 


1  -oC 


C3) 


(30) 


(31) 


It  5  (1^^  MtrUcr  la  tba  laaicnly  wad  nonMOlaad  foxm  of  |i|  29* 
lha  mark  abova  la  ai»13ar  to  tha  praaoDtatlan  tqr  i|>otaia  and  Sobal 
(Baf  StU)  «d  Intar  papara  Iqr  J|pataln.  Handbook  H108  (Haf  16)  glTaa 
tba  abora  b  and  a  Talnaa  nomallaad  to  1q  for  mmj  aagonatlal  taat  plna* 
To  obaok  that  tha  rajaot  and  aooapt  aldaa  notad  abora  ara  conraot^ 
flrat  It  la  notad  that  1^)A2  or  k  la  graatar  than  !•  Tharafora,  r  3n  k 
la  poaltlfa*Thorafora«  tha  aaoond  tarn,  r  a,  of  aaoh  alda  of  tha  B|  29 
Inaqaall^  la  poaltlra.  If  oc  and  6  ara  both  loaa  thn  0.5*  ahioh 
thof  Boat  ba,  thm  A  la  graatar  than  ona  «nd  -  In  A  la  nagatlra.  B  la 
laaa  than  onoj  ao  -  In  B  la  poaitlra.  Ihorafera,  tha  right  alda,  aooapt 
Rq«  la  laxgar  than  tha  rajaot  alda*  Slnoa  Hq  !•  ^or  a  hl|^  T,  Itla 
aoqMotad  that  for  tha  aana  nunbar  of  falluraa,  tha  7(t)  aoat  ba  high 
to  load  to  aooaptanoa  of  Siaraforo,  tha  daolaion  orltaria  ohaok* 


(lt^W63-7 


ippMuUx  B 

BmU  of  a  Wttd  B  PMUiOP 

tUd  Otof  15  till)  and  th«  Coluabla  Statiatioal  Raaearch  Qrov^ 

(Raf  lUtB.0$-.07)  glTa  In  affaot  tha  foUoulng  raaaoning  bahlnd  the 
A  and  B  daolalon  Tmltiaa  and  their  relatlooahlp  to  the  aanpUng  riaka. 

The  liklihood  ratio  or  SFR  la  aet  up  aa 

P(get  aaaple  goi^l  true)  ?! 

B< -  =.  SFR  * - <A  (32) 

P(get  aaaple  got^  true)  Pq 

The  A  and  B  eonatanta  are  independent  of  n,  the  saople  slae.  A 
and  B  are  oonbinatlona  of  the  o<,  and  /3  aaapling  riaka  auoh  that  the 
pitdMbility  of  aeoepting  Hi  glean  Ho  ia  and  the  probability  of 
aoo^tlng  Ho  giena  fti  true  la  /f  • 

^f  Ho  la  true  the  danoadnator  of  the  8PR  diould  be  larger  than 
the  mawrator  aid  the  ratio  leaa  than  one.  Sone  B  leaa  than  one  can 
be  aeleoted  auoh  that  if  the  SFR  oalnulated  for  a  partieular  saiqple 
ia  leaa  than  B,  the  ^  hypotheaia  ia  aooapted.  If  Hi  la  true  the  SPR 
ahould  be  greater  than  one«  nd  at  aoB»  A  larger  than  one  a  declalon 
to  aooept  ^  oan  be  nade. 

Sagr  for  a  particular  teat  the  true  SFR  la  greater  than  A.  That 
ia«  the  probability  of  gettlxig  asy  partloular  r  eeanta  of  n  obeereations 
gielng  SFR  greater  than  A,  ainoe  ^  la  true,  ia  at  leaat  A  tinea  aa 
great  aa  the  probability  of  getting  the  aana  aaaple  uhan  Ho  io  true. 
That  la,  the  probability  of  getting  a  aaivle  that  aakea  the  caloulated 
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SFR  grMtw  than  A  la  at  laaat  A  tinea  the  probability  of  getting  the 
eane  aai^le  Nhen  the  true  SHI  la  leee  than  B  (Hq  true)*  Oft  etated 
algebraloally 


-i  >  A,  Pi  ^  APq 

Pq 

03) 

or 

P(get  8PR  aa^>le  >  A/^i  true)  >  A(P(get  SIR  aaqple  >  a/Bq  true))  (3b) 

P(aocapt  Hj/lli  true)  >  A(P(aeoapt  Hj/ho  true)) 

05) 

P(reJeot  Ho/h],  true)  ^  A(P(re3ect  true) 

06) 

or,  alnoe 

P(reject  true)  =1-/5 

07) 

and 

P(reJeot  B(/Bq  true)  «>•  c< 

08) 

than,  fron  Ig  36  I-  ^  A 

09) 

Nhloh  glrea  the  la|>ortant 

A  <  (1-/3)/ o< 

(liO) 

Say  that  for  another  teat  the  SFR  la  truly  leaa  than  That  ia> 
any  SFR  oaloulated  fron  the  aaquanoe  of  obeexratlona  naklng  \|>  the 
aai|>le  ehould  be  leaa  than  B*  Than, 

Pi 

—  <B  ,  Pi^BPo  (i*l) 

Mhere  B  la  leaa  than  one  ao  Pq  la  nore  probable. 

Than,  the  probability  of  getting  a  ea^pla  waking  the  APR  leaa 
than  B  ilian  the  true  SIR  la  greater  than  A  (H^,  true)  la  at  want  or 
la  no  larger  than  B  tinea  the  probability  of  getting  a  aaayla  giving 
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SR  iMS  than  B  idun  the  true  population  8FR  is  laea  than  B  (Hq  true), 
or  P(get  SFR  aaqple<B^]^  true)<B(P(get  aaqple  8FR<B^  true))  (U2) 
or,  P(aooipt  true)£B(P(aooept  true))  (h3) 

and  aubatituting  rleka  again 

/d<B(l-K)  TO 

B>^/(1..()  (14$) 

The  aborre  A  and  B  relatione  are  those  oonaonly  used  with  the 
equality  sl|pi  In  8FB  testa  of  all  distributions*  o<  is  the  producer's 
risk  and  /3  is  the  oonauaer's  risk*  Uald  (Bef  lStU2)  and  %>steln 
(Ref  8t2*77)  indioate  that  for  praotioal  spplioations  the  A  and  B 
relationahips  using  the  equalities  yield  edequate  i^proxinations  for 
the  true  sampling  risks  of  the  teat  derived  fron  the  relationships. 

The  affeot  of  using  an  A  that  say  be  slightly  too  large  (using 
the  eq^iality)  is  to  inorease  the  deoision  Talue  for  accepting  %  and 
to  ^read  the  no  deoision  rmge  (see  Iq  2U)*  A  deoision  to  accept  Hq 
oan  usually  bo  awde  as  the  V(t)  ralne  for  aoo^tance  of  Hq  at  some 
particular  r  la  orosaed  by  the  ersnt  plot  (see  Figure  6).  That  is, 
there  is  usually  no  ezoess  over  the  boundary  or  over  the  accept  line 
for  aoosptlng  ^q*  Usually  there  will  be  n  ezoeas  orer  the  reject 
boundary  since  the  emt  plot  aorea  in  discrete  Juiiq>s  of  one  r  at  a 
tine  along  the  ahscissa  in  the  usual  OK  test  plot*  An  event  will 
seldon  occur  exactly  at  the  reject  line.  The  B  value  is  usually  exact 
then,  bit  if  the  equality  for  B  Should  be  wrong  the  effect  is  to 
reteoe  the  sine  of  the  B  used  from  the  proper  sise,  and  again  the  no- 
dedslon  area  is  increased*  Ualng  the  equality  si^  than  tends  to  be 

67* 


s«f«  -  that  ifl  tha  trua  risks  sra  lowr  than  thosa  indloatad  in  tha 
oalcttlations* 
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Appendix  C 


Obtaining  an  0|C.  Curve 


The  0*C»  curve  gives  the  probability  of  aee^tlng  Hq  (that  Tq  is 
true)  given  any  true  T*  The  abscissa  in  the  plot  is  frequently  given, 
as  in  this  piq>er  as,  T/Iq,  littld  gives  procedures  for  obtaining  the  O.C. 
curves  for  8FR  teste  for  other  distributions  soeh  m  the  nennl  and 
and  the  binoadal  (Ref  15)*  Gniy  the  exponential  is  considered  in  this 
section* 

Heed  for  0*C.  Calculations.  It  is  assumed  that  few  calculations 
for  0«C*  points  as  described  below  will  be  needed  •  Handbook  U108 
should  supply  curves  for  aost  puxpoees  (Ref  I8t2*5-2.2U}.  If  calcula¬ 
tions  are  needed  the  procedures  described  in  this  appendix  give  good 
approjdaations*  There  is  a  good  deal  of  literature  concerning  exact 
0*C*  CTwes  for  the  exponential*.  Such  literature  usually  desciribes  a 
good  deal  of  effort*  If  production  is  relatively  continuous  or  repeti¬ 
tive  and  if  the  quantities  are  large,  exact  probabilities  and  risks 
nay  be  useful*  for  estimating  the  parameters  of  a  test  Involving  low 
quantities,  particularly  when  the  T  expected  and  the  T  actually  needed 
is  subject  to  ^iproxlnations  that  approach  guesses,  the  value  of  exact 
O.C*  curves  is  questionable* 
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ttd  Sotel  IndiMt*  that  for  •xpoMotlAl  SR  tMta« 
good  approxljwtlflna  for  tho  O.C.  eunro  oan  bo  obtolnod  fron  tho 
foUoNliig  pair  of  por— otrlo  oqpttlono  idiioh  hare  boon  oUglitly 
■odifiod  for  tliio  proaontatlon.  fbr  ocnTonionoo,  they  hnro  boon 


nomnllsod  to  Tq. 


0 


A  .  1 

A  .  B 


T/to 


(t/tp)  -1 

«  if/fo  -  1) 


m 

(U7) 


liMTo  t  oan  moom  any  roal  oa3ao  (Bof  5tU)*  fbr  a  partieolar  %, 
aoM  f/tp  kLU  bo  obtalnod  trm  Bi  U7*  That  tAq  oalno  lo  palrod 
with  tho  Taloo  obtalnod  ttm  Bg  1|6  uaing  tho  amo  t  to  yiald 
L(I/1^)«  Aa  nany  polnta  of  an  O.C.  ouroo  aa  daolrod  oan  bo  gonaratod. 
An  aiwplo  follow. 

For  TqAi  noal  to  2  (noU  Jj/Tq  la  0,$),  and  oC  and  /d  rlaka 
of  0.1,  A  la  (1  -  ^  )/o(  or  9  and  B  la  /^/(l  -  e<  )  or  l/9»  frm  B|a 
i|6  and  U7  tho  foUonlng  ooahlnationa  of  i,  T/lp,  L(tAo)  obtalnod: 

1.5f  0.99|  Ij  1«  0.9j  i/2,  0.628,  0,7$f  0,  ?,  7}  0.5,  0.1. 

BmoU  OalogJatlon  f£  O.C.  It  wa  notod  that  tho  polnta 
obtalnod  froa  tho  aboro  rolntiono  agrood  qoito  mil  aith  oqnlfalmt 
polnta  froai  tho  O.C.  onrfoa  of  Handbook  H306  (Rof  18:2.15).  Sw  fol* 
loving  la  a  awpla  oaloolation. 


70. 


(iU0Q/63-7 

Uflng 


I  =0.5 


I/Tq  = 


0.5 

2 


0.5  (2 


—  =  2Vr  -  1  -  0.828 
1) 


0.5 

9-1  2 

L(IAo)  =  L(0.828)  = -  =  -  =  0.75 

°  0.5  0.5  3  -  1/3 

9  -  (V9) 


Points.  If  O.C.  approaclnotlon  points  sxs 
nsossssry  for  tbs  poxposs  of  sslsoting  sn  SPS  tost,  firs  points 
shoold  bs  sdsqvsts  for  most  problans.  I^tsln  suggests  the  foUoHing 
epproadnsUons  bs  used  sinoe  thej  ere  slspls  and  adequate  for  nost 
test  selsotion  use.  A  fev  selected  s«q[>ls  oaloulatlao  points  haue 
Indioated  that  Handbook  H108  polnta  are  in  agreenent  with  the  points 
below,  wliioh  leads  to  the  inf  emaee  that  the  handbook  was  based  on 
these  approziaation  paints  for  O.C.  ouives. 


Table  n 

O.C.  Approodjoatioo  Polnta 


T 

B 

B 

a 

a 

inf. 

L(T) 

1 

In  A 

1  -cC 

1 

In  A  -  In  B 
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kpp&Mx  D 


Bndbook  K108  (Itm  ilH  T«lnM  for  any  8FS  tMt«  (Rif  l8t 
2.63-2.65).  If  tlMj  art  not  anltablo*  tho  foUonlag  roXotlonoMpo 
gim  bj  l^patolB  ond  Sobol  noy  bo  nood  oftor  tbo  L(T)  Tolooa  of 
IppondLc  C  are  obtaiaod  (Baf  $t$)» 


AlH 


L(T)  In  B  +  (1  -  L(t))  In  A  -  -  L(T)(I^  •  h^)  }  T  a 


la  (TqAi)  -  t(  ^ - ^1 


a  -  T 


-(JnA)(lnB)  _  - 


(U) 


Vnally  an  All  onrre  approortaatod  by  ealnaa  at  a  few  oritioal 
polnta  abonld  bo  ada^iato*  ^^ataln  angfoata  the  tbroa  polnta  balov* 
Toning  Tq/Ti  ••  b 


iWCTj) 

iW(Io) 


>a3nB-Kl-^)  toA 
In  k  -  (k  ^)A 
-(in  A)(3n  B) 

(la  k)2 

(1  -eC)  In  B  +  a6ln  A 
In  k  .  (k  -  1) 


(U9) 

(50) 

(51) 


(Saf  6tU) 


I 
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To  obtain  the  expected  waiting  tine  the  equation  below  fJron 
J^stein  and  Sobel  may  be  need  (Ref  5  >6,8).  If  the  teat  la  without 
replacenant  Handbook  H106  gives  a  different  relatlonahlp  (Ref  18>2»$8- 
2.59). 


AFR  .  T  (Failure8)(TlnB/fall) 

E(t)  r  -  =  -  (52) 

n  (equlpoenta) 


Mhere  E(t)  la  the  calendar  tine,  AFM  is  the  average  failure  nunber,  T 
la  the  true  mean  tins  between  failure,  and  n  la  the  nuwber  of  equip* 
amta  on  teat.  Muxipulatlng  this  somewhat 


nB(t) 


T 

«  APR  - 

To 


V(t) 

To 


(53) 


lAare  T(t)  la  the  sum  of  the  teat  tine  on  all  Itena.  Therefore,  for  a 


partloular  teat  with  replaceawnt  the  AFR  values  can  be  obtained  trm 
the  above  oaloulatlona  or  fron  Handbook  H108  If  appropriate,  md  the 
expected  waiting  tijss  V(t)  for  various  possible  T  true  values  oalou> 


lated  easily. 


For  exasple,  to  obtain  the  V(t)^Q  values  for  various  T  whan 
using  Test  C-U  of  Handbook  HlOB,  Table  2A-1  gives  a  ratio  of  0.512 
Tor  (Ref  I6i2.2).  It  should  be  noted  that  this  la  quite  oloae 

to  the  AORB  Task  Qitnxp  2  test  (Ref  13  >68).  Table  2D-l(o)  of 
book  H108  gives  at  T  equals  T^^  (01  in  the  table)  aa  AIM  (Ar  In  the 
table)  of  9.7.  That  Is,  if  T  equals  Tj^,  9.7  failures  per  test  on  be 
expected  on  the  average. 
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QR]0«/S3-7 
aiAM  tAq  i*  ^i/^o 

V(Ti)Ao  =  ini(ti/Jb)  =  9.7(0.512)  s  U.97 
If  T  is  1^1  tAq  iM  aom  aad 

▼(lo)Ao  =  6.2(1)  i:  6.2 


I 


i 
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ippandix  E 

grtlmtijMt  V(Tft)An  Varaufl  Tx^  RaUtlgi 

The  sketch  of  Figure  l6  Indlcetes  that  an  exponential  relation¬ 
ship  Is  a  good  possibility*  If  true,  the  equation  ulll  be  of  the  foni 


ax  b  ax 

(5U) 

y  =  6  :=  Cs 

ediAo)  -h  b 

(55) 

V(lb)/To  =  e 

This  Is  the  expected  test  tine  in  tmltlples  of  Tq  for  a  teat  vLth 
ratio  Ti/l^  if  TIO  is  truly  the  lot  I*  Then, 

lay  =  «  +  b  (56) 

ehere 

Slope  »  a  51  In  71  -  In  72  (57) 

XI  -  Xg 

^  =  In  yb  (58) 

and 

V(Tq)/Tq  =  (V(t)/given  T  =  Tq)  .  I/Tq  (59) 

The  data  of  Table  ni  were  obtained  fron  Handbook  HIOS 
and  caloulatlone  made  as  described  in  Appendix  D* 

VDian  7(To)/to  data  from  the  table  is  plotted  on  the  log  of 
seidlog  paper  against  the  Tj/To  ratio  for  the  related  test,  if  the 
relationship  Is  exponential,  the  plot  sill  be  a  straight  line.  Tigare 
18  shows  that  suoh  a  relationship  holds  quite  well*  A  fonwl 
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rtgreasioQ  atuOyBls  oould  hwre  been  run«  bat  a  TlauaUy  plaoad  Una 
la  oft«i  aufflolotly  aoeurata,  partloularly  liian  tha  polnta  darlata 
but  U.ttla  trm  a  Una.  Tha  arror  oaloolatlona  ixuUoata  that  within 
tha  T]/Tq  ranga  of  iqpproxlnataly  0.26  to  0.72  the  arror  la  laaa  than 
plua  or  oinua  7  %m 

It  aaaaa  ^roprlata  to  nota  hara  that  tha  Handbook  B108  ooda 
C*1I  and  C«l5  teata  notad  In  Table  in  ara  taat  plana  to  thoaa 

of  KSBB  Taak  (hroupa  ?  and  3  and  of  KZL-H-26667  Mathoda  1  and  2 
(Bafa  13 1  19). 
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Slopa, 


3.2  -  O.U 

4:r -  =  7 

0.7  -  0.3 


Intareept, 

b  =  In  7b  -  “  1*7 
in  7  =  Hty/to)  -  1.7  =  In  • 

[  7(Ii/Io)  -  !•’] 


/.  y  =  =  • 


or 


7  =  0 


7(TiAo) 

7(tiAo)  -1‘7.  •  _  • _ 


1.7 


5.U7U 


(11) 


Irror, 


7(tiAo) 


/.  ?(Tq)Ao*0‘1®3  • 


V(To)Ao  oale  ■  ▼(VAp 

▼(*b)Ao 

it  T]/t^  equal  0.666 

7(0.666)  -  1.7 

»»o)A„  <»io=  •  = 

?(Iq)Ao  •=  1®»50  (Firoa  IbWe  m) 

19.U5  -  18.50 


16.50 


=  0.0512  or  5.12  % 


(11*) 
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AppmiXx  7 


Blak  >»>■ 


Tkbla  TV 

Conaldantlona  in  Choosing  ^  ,  Consuasr's  Risk  or 


Lsvel 

loM  or  13,  high 

/3  hi^  or  Tj,  loM 

Ift 

Sinoat 

CflDsunar 

1.  ipplloatlon  erltieal 

1.  Tmoda  to  raduoa  tost 

Mania 

2.  Itans  ara  for  OPAB  to 

tima 

Laval  . 

a  systan  oontraetor 

If» 

3.  Pro^ar*a  rapatation 

2.  Must  obtain  avn  loM 

qaastlcnabla 

raliability  itaM 

U.  Past  parfoioBDoa  poor 

soon 

5.  Taollltias  inapaotlcn 

3.  latlmatad  coats  of 

*TfinfW  doubts 

itama  not  axoassiva 

6.  Produoar'a  prooadures 

Conaidort 

qusstionabla  int 

repairs  sapaotad  in  uss 

daslpi. 

lost  tins  Mbn  fail 

(piallty  oootrol 

loss  of  a/o  or  mioaila 

raliability  pins. 

or  othar 

organisaticD, 

loss  of  miasian  of 

tooMladga 

supportad  aystam 

program 

redundant  itama  naadod 

data  faadbaok,  uae 

to  aaaura  fnotien 

othar 

Nhan  naadad 

7.  Produoar'a  attltuda  poor 

added  personnel,  qparas. 

8.  Prodnoar  doaa  not  aaam 

faoilltias  dna  to  ^ 

to  undarstand  problan 

U.  Produoar'a  raputation 

good 

Prodooar 

Sinoat 

Manta 

1.  mds  to  raduoa  teat  tlaa 

Laval  - 

2.  Ibuor  marginal  lota 

rajaotad 
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Table  V 

Considerations  in  Choosing  eX  ,  Producer's  Risk 


tX  loy 

or  tX  high 

Consumer 

wants 

Level  - 

Since: 

1.  Will  accept  more  lots 
near 

If; 

2.  Items  needed  soon 

3*  Impact  of  delajred 

delivery  of  good  items 
will  be  high 

U*  Producer  must  add 
too  big  a  margin  to 
his  price  to  cover 
possible  losses  due  to 
rejection  of  good  items 

Since: 

1.  Tends  to  reduce  test  time 

2.  Forces  producer  to 
set  target  T  higher 
than  Tq  to  reduce 
lots  rejected 

If: 

3 •  Information  indicates 
that  the  true  T  will 
probably  be  about  Tq, 
but  the  variation  from 
unit  to  unit  will  be 
large 

Producer 

wants 

Level  - 

Since: 

1.  Will  reject  fewer  lots 
near  but  below  Tn 

If: 

2.  Inpaot  of  rejection 
will  bo  high 

3.  Higher  risk  will 
force  bid  price  too 
high  to  be  accepted 

Since: 

1.  Tends  to  reduce 
test  time 
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Whan  Me  STO  Teeta 

The  CoLnbla  Statlatloel  Research  Ohroup  doounent  glTss  rules  for 
deoidixig  ehen  an  SFR  test  should  be  used  rather  than  a  oonrsntional 
test  (Ref  liitl.08)*  These  rules  are  included  in  essence  In  this  appendix. 
If  an  SFR  teat  is  used  to  test  a  characteristic  of  iteas  share  the  unit 
of  test  is  one  iteaij  a  reaenre  quantity  of  those  items  is  required  in 
exoess  of  the  iSH,  the  number  that  Mill  be  needed  on  the  arerace  for 
test.  There  is  a  probability  that  a  few  SFR  tests  may  sire  a  plot  inn- 
derlng  in  the  contlnue-test  ions  of  the  decision  chart.  In  tests  of 
mean  time  to  failuro,  the  tsiit  of  test  is  not  an  iten  but  a  failure. 
Xherefore,  if  the  items  on  test  can  be  repaired  and  returned  to  test 
after  they  hare  failed,  those  iteas  represent  a  large  nuaber  of  potential 
units  of  test  on  reserre  far  greater  than  the  AFN,  the  ayerage  number 
of  failures  e:q>eoted.  Therefore,  the  oost  of  reserre  units  for  reliabil. 
ity  tests  is  generally  low.  This  influanoee  Table  ?I  below. 

i>rtyinta«ee  ££  ^  Tests.  The  following  advantages  of  SIR  tests 
end  the  pointe  of  Table  VI  should  be  considered  in  selecting  a  teat. 

a.  Itanoan  is  one  of  sereral  references  that  for 

the  soa  sampling  vlsla  (in  effect  the  sane  O.C.  ourve)  an  SIR  test 
will  require  less  inspection  and  waiting  time  than  a  oonmtlonal 
test.  (Ref  litl56). 
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Table  VI 

Teat  and  Unit  Coat  Influence  cn  Teat  Choice 


Coat  of  getting  unite  for 
teat  and  for  reserve 

High 

Low 

Total 

Teat 

High 

Sort  of  test  depends 
on  relative  coat 

For  MIBF  teats, 

SFR  probably  best 

Use  SPR 

Minimises  number  of 
\inlts  tested 

Coat 

Low 

Preassigned  tine  or 
number  of  falluro 
teat  probably  beat 

Coat  of  reaerves 
ahould  offset  SFR  test 
saving  In  units  tested 

Sort  of  test  depends 
on  relative  cost  I 

If  time  required  for 
preaasigned  time  or  r 
test  is  not  objec¬ 
tionable,  such  prob¬ 
ably  best 

If  waiting  time  la 
valuable,  SPR  test 
probably  best 

I 
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b.  Iiup«otlon  oharta  or  tables  are  easUjr  dram  once 
1^,  ,  and  are  selected.  The  oharts  or  tables  can  be  easlUor  changed 

during  a  production  nai  if  data  Indicate  that  the  test  should  be  changed. 

0.  The  reduced  salting  or  test  tins  uhm  true  T  is  greater 
than  Tq  la  a  built-in  Inoentire  for  the  producer  to  dellTer  good  equip-  ^ 

nmt.  This*  though^  say  not  alsaja  be  true.  If  the  test  costs  for  a 

» 

particular  itea  are  low  and  if  the  trouble  and  coats  to  the  ecntraetor 
due  to  rejected  lots  is  low^  the  Inoentire  aay  be  negligible. 
jKUMdngtj^^.  The  following  should  also  be  ocnaidsred. 

a.  Maasureaanta  auat  be  aade  quits  frequently  and 

sore  data  auat  be  recorded  than  in  the  usual  ocnvmtlonal  test.  In  sens 
ccneenticnal  tests  the  nuaber  of  asasurenenta  can  be  greatly  reduoed. 

b.  Reserves  of  units  of  test  mat  be  available,  is  am- 
tioned  above,  this  point  is  not  particularly  appropriate  for  MXBP  tests. 


I 
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Appendix  H 

TMt  CgnaldaQtlons  to  VM;j^  for  OmcIuj^  Bg^jj^agnt 

f  Bsfor*  tba  pbysioAl  and  the  statlctical  i  I'c'/isiaie  of  a  test  plan 

for  reliability  are  released  or  approved  It  is  suggested  that  at  least 

I 

the  conditions  be  verified  as  true.  The  lists  can  hardly  claija  to  be 
complete,  but  they  are  intended  as  a  guide  to  lead  to  more  searching 
questions  for  teats  of  ohaokout  and  other  equipment.  It  is  no  easy 
task  to  clearly  state  test  objectives  -  it  Is  even  more  difficult  to 
attain  them. 

Physical  Test  Conditions  to  Verify 

1.  Tbs  expected  service  anviromaent  is  sijsulated  or  provided  for. 

2.  Ihllures  have  been  clearly  defined  -  both  catastrophic  and 

drift. 

3*  Two  different  decision  test  plans  have  been  considered.  One 
for  noxnally  undetected  drift  or  tolerance  failures  which  may  give  a 
high  probability  of  causing  ooaplete  loss  of  a  combat  vehicle.  Another 
I  for  catastrophic  but  noramlly  detected  failures  which  may  delay  nisslGn 

suart. 

) 

U*  The  ijspedanee  the  item  sees  or  the  functions  it  responds  to 
or  performs  adequately  sijaalate  ejqpected  use. 

The  accuracy  of  neasurlng  equipment  used  is  adequate. 

6.  The  item  is  oyeled  through  its  various  modes  of  operation  in 
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a  Bianner  proportlona.1  to  Ita  aapacted  uae. 

7*  KMaoremanta  of  perfonMnce  are  nads  frequently  mough* 

8.  The  atjjBiU  to  liiioh  the  Iten  ia  e3q>eoted  to  be  noat  auaeep- 
tible  (for  exaaple,  orerToltage,  underroltage,  lov  tenperature,  pro¬ 
longed  pperatlon«  eleetronaipetie  Interference)  are  applied  and  teata 
of  re^Mnae  aade. 

9*  Charaeterlatlea  that  bare  been  tronbleaone  In  aiadlar  itena 
are  q;>eolfloaUy  oorared  In  the  teat  plan. 

10.  If  anvironiaental  teata  of  the  eoaplete  Item  are  at  reduoed 
lerela  due  to  aiae  or  eoat,  at  leaat  the  aaaead>liea  Identified  aa  crit¬ 
ical  or  ooMon  to  aany  nodea  of  operation  are  being  teated  at  reallatle 
enrlronaanta. 

Statlatloal  Ibat  Condltlona  to  Verify 

1.  and  are  adequate. 

2.  ia  not  ao  low  that  redundancy  or  atandby  unlta  uill  be 
needed  at  the  uae  alte  to  Inaore  that  the  fanctlcn  la  arailable  ahan 
needed.  If  aaiat  be  low  due  to  technical  or  other  llJdtatlona,  the 
need  for  redundant  imlta  ahould  be  conacloualy  conaidered. 

3«  Iq  agreed  to  by  the  contractor  ia  not  ao  inch  greater  than 
that  the  teat  la  i^parently  aet  at  nuoh  too  low  a  Ti  level. 

U«  Tq  la  not  greater  than  the  true  T  attainable.  If  the  true  T 
ia  between  and  the  teat  waiting  tiae  nay  be  hl^. 

5*  The  maeber  of  Iteaa  arailable  for  teat  la  auffieient  to  give 
a  reaaonable  aaauranoe  that  a  teat  decialon  will  be  mde  within 


(lU0(B/63-7 

linltations  on  daUvnty. 

6*  Ihero  is  rMsonablo  aasurance  or  expectation  that  the  teat 
itena  hUI  be  rapreaantatlva  of  all  equipeianta  accepted  or  rejected 
by  the  teat. 

f  7.  It  la  reaaonabla  to  aaauae  that  the  exponential  dlatrlbu- 

tlon  Mill  hold  or  at  loaat  there  are  no  negatlre  Indlcatlona. 

4 

8.  Malfunotiona  ohargeable  aa  teat  failurea  are  olearly  defined. 

9.  ndlnra  data  that  oan  be  eenaored  are  clearly  defined. 

10.  Bstleated  teat  ooate  are  a  reaaonable  Araotlon  of  the  total 
contract  Ibnda. 


) 
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Appandlx  J 

glow  Chart  for  Pooalblo  Tort  goloet^  Procedure 

The  flow  ohert  on  the  following  pegee  cannot  include  ell  the  i 

detella  that  naka  reliability  work  fTuatratlng*  The  procedure  la  not 

I 

elegant.  A  aathaaMtical  Method  of  attaok  aa  Mntloned  In  Cluqpt«>'  ^ 
would  certainly  be  preferable.  Hcwerer,  i^irfng  gueh  a  tlJM  sacwlng 
devicej  aonethlng  on  the  order  of  the  chart  In  this  appendix  ia  at 
leaat  a  atartlng  point.  Ita  auooeaa  would  depend  on  the  peralrtenoe 
or  atubbomeaa  of  the  peraon  woxicing  on  the  problaau 

The  approach  here  la  prlnarlly  that  of  a  reliability  nagineer 
being  requeated  to  aelect  a  reaaonable  teat  plan  for  a  oontraot  for 
obeokottt  equipoMnt  or  any  other  equipamt  that  could  reaaonably  bo 
aaauaad  to  follow  an  exponential  diatribution  of  failurea. 

In  atep  8  in  the  chart  ahan  the  quantity  on  oontraot  and  the 
nuaher  of  q>eolaMna  or  itena  aTallable  are  large,  production  aaaq>llng 
plana  auoh  aa  AiCBB  (Ref  13tl87)  or  other  ahould  be  applied.  Ihoae 
nethoda  are  not  cowered  in  thla  paper. 

t 
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function « 
or|ticnl? 


Rol*  need  I 
Sircotcd 


ic.  othar 


KlMloa 

«  — "i-, 

llitianta  naadad 


£ 


Pick 

JudgaMnt  and 
baaad  on  T., 

8aa  ipiMndix  ¥, 

■  - - 

Pick  lb<o<  of  0.1 


I 


cb 


Jtotioata  Tp  f  aaaibla 
or  ea>ao^  dalirarad 


Othar  or  gua^ 


parts  count 


no 

Ravlaa 

rediBdanoy, 
planned  usaJ 
8aa  Table  I,| 
over 


large 
nunbara. 
Head 
produotlod 
taste* 

See  NTlta-l 
up  In  thill 


no 

Long  teat. 
See  Fig  llif 
Sea  Table  I* 
Start  orer 


Producer's 

LJX 

intent  knoun 

At 

Ti/Tq  about  0.5 

Conrart  Ti'j 
to  Ii,  0.1, 

sea  Fig  U 

B(t)  uniting 
tlM  cfailabla.| 
Sea  Amid  lx  D 


r(T^/T^)  wa^ 


litiaata  iast 

coats 
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1956  at  Aeronautical  Syetens  Division  (then  WErlght  Air  DeveloinMit 
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